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A phenomenon  of  central  importance  for  the  study  of  human  memory 
processes  is  the  consistent  finding  that  the  long-term  memory  (LTM)  for 
repeated  stimuli  depends  upon  the  amount  of  time  or  the  number  of  dif- 
ferent stimuli  intervening  between  the  first  presentation  (PI)  and 
second  presentation  (P2)  of  the  stimulus.  The  LTM  for  repetitions  is 
generally  not  much  better  than  that  for  once- presented  items  when  PI 
and  P2  are  successive  and  temporally  close,  but  increases  as  PI  and  P2 
become  more  distributed  in  time  and  separated  by  the  presentation  of 
other  items.  Evidence  suggests  that  the  use  of  psychophysiological 
responses  to  assess  momentary  processing  demands  of  individual  stimuli 
may  help  clarify  the  locus  of  repetition  and  distribution  effects. 

This  paper  reports  the  results  of  research  employing  both  a free-recall 
test  of  LTM  and  cardiac  and  electrodermal.  responses  to  explore  the  re- 
lationships between  repetition  and  memory. 


Three  experiments  were  performed,  each  of  which  involved  presenting 
college  students  with  controlled  lists  of  words.  Some  words  were  pre- 
sented twice  within  each  list  while  others  occurred  only  once.  Dependent 
measures  of  primary  interest  were  the  proportion  of  words  correctly  re- 
called and  the  magnitude  of  heart  rate  (HR)  deceleration  and  phasic 
skin  conductance  responses  (SCRs)  evoked  by  each  word  presentation.  In 
the  first  experiment,  recall  for  repeated  words  was  significantly  in- 
fluenced by  the  number  of  intervening  items  (lag)  separating  PI  and  P2. 
Only  HR  was  recorded  in  Experiment  1,  and  it  was  found  that  P2-evoked 
deceleration  was  significantly  greater  than  the  PI  response.  The  P2 
response  was  not  differentially  affected  by  lag.  It  was  suggested  that 
uniformly  larger  decelerative  P2  responses  and  an  overall  greater  recall 
for  repetitions  were  the  result  of  the  low  frequency  of  occurrence  of 
repetitions,  i.e,  an  isolation  or  uncertainty  effect  which  caused  greater 
attention  to  be  devoted  to  all  repetitions. 

The  design  of  Experiment  2 reduced  the  uncertainty  associated 
with  the  occurrence  of  a repetition.  Recall  for  repeated  words  was 
significantly  greater  with  a distributed  than  with  a massed  presentation 
schedule.  The  HR  deceleration  and  SCRs  evoked  by  P2  presentations  were 
reliably  greater  under  the  distributed  schedule.  A reliable  decrement 
in  the  P2-evoked  SCR  relative  to  the  PI  response  was  also  found  with 
the  massed  schedule,  and  the  HR  responses  showed  a similar  pattern. 

Experiment  3 revealed  that  temporal  spacing  alone  is  at  least 
partly  a determinant  of  repetition  effects.  Recall  for  repeated  words 
was  reliably  greater  when  20  sec  separated  PI  and  P2  than  when  10  sec 
intervened,  but  the  magnitude  of  the  difference  was  considerably  smaller 
than  the  distribution  effect  in  the  second  experiment.  The  general 
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pattern  of  results  for  the  two  psychophysiological  measures  was  similar 
to  that  found  in  Experiment  2,  but  the  response  differences  were  less 
pronounced  and  were  significant  only  for  the  electrodermal  measure. 

The  results  from  the  three  experiments  were  interpreted  as  evi- 
dence that  the  locus  of  repetition  and  distribution  effects  are  identi- 
fiable with  the  differential  processing  of  P2 , and  that  deficient  pro- 
cessing of  successive,  temporally  close  repetitions  is  responsible  for 
the  relatively  poor  LTM  for  such  stimuli.  An  attentional  explanation 
for  these  effects  was  proposed  and  related  to  the  framework  adapted 
by  two-process  models  of  human  memory  and  a recent  theory  of  habitua- 
tion and  animal  memory  developed  by  Wagner.  The  usefulness  of  a synthesis 
of  theory  and  methods  from  the  fields  of  psychophysiology  and  informa- 
tion processing  was  confirmed,  and  the  implications  of  a psychophysiology 
of  memory  for  the  study  of  memory  development  were  discussed. 
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INTRODUCTION 


Repetition  is  a fundamental  process  of  learning  and  memory.  Ha- 
bituation, the  establishment  of  a conditioned  response,  and  the  extrac- 
tion of  relevant  attributes  in  a concept  learning  task  are  all  realized 
through  the  process  of  repetition.  The  enormous  range  of  complexity, 
of  both  organisms  and  stimuli,  in  which  this  process  manifests  itself 
is  truly  remarkable.  Yet  the  parameters  which  determine  the  effective- 
ness of  repetition  are  still  not  clearly  understood,  especially  when 
the  stimulus  or  task  requires  high-level  processing  and  the  involvement 
of  a complex  memory  system. 

In  the  most  simple  case,  iterative  presentation  of  a nonsignal 
stimulus  results  in  the  habituation  of  some  measured  aspect  of  an  or- 
ganism's behavior,  usually  a physiological  or  basic  behavioral  response. 
This  effect  of  repetition  is  quite  pervasive  and  readily  occurs  in 
animals  and  humans . While  such  decrements  in  activity  can  be  found  at 
all  levels  of  the  nervous  system,  there  is  considerable  support  for  the 
involvement  of  memory  apart  from  any  contributions  of  adaptation  or  re- 
ceptor fatigue  (Sokolov,  1963;  Wagner,  1976;  Whitlow,  1975).  Silver- 
stein  and  Berg  (1977)  have  reviewed  the  evidence  that  psychophysiologi- 
cal  responses,  in  addition  to  reflecting  memory  for  a given  stimulus, 
are  also  useful  as  indicators  of  attention.!  I processes  and  cognitive 
effort . 
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Complex  human  memory  experiments  typically  rely  on  complex  re- 
sponse measures  to  infer  underlying  processing,  the  result  often  being 
an  inability  to  accurately  delineate  the  components  which  determine  the 
response.  The  measurement  of  both  verbal  responses  and  psychophysiolo- 
gical  activity  from  one  or  more  response  systems  can  be  advantageous 
in  this  respect,  particularly  if  the  effects  of  stimulus  repetition  are 
of  primary  interest.  This  dissertation  is  an  attempt  to  apply  such  a 
synthesis  to  a prominent  problem  in  the  field  of  psychology. 

A phenomenon  of  central  importance  for  the  study  of  human  memory 
processes  is  the  consistent  finding  that  the  beneficial  effects  of  re- 
petition on  memory  are  a function  of  the  amount  of  time  or  the  number 
of  different  stimuli  intervening  between  the  first  presentation  (PI) 
and  the  second  presentation  (P2)  of  a repeated  stimulus  (Crowder,  1976; 
Hintzman,  1974,  1976).  Long-term  memory  (LTM)  for  repeated  stimuli 
generally  shows  little  improvement  over  singly  presented  stimuli  when 
PI  and  P2  are  successive  and  temporally  close.  However,  an  increase  in 
LTM  for  repeated  stimuli  occurs  as  PI  and  P2  become  more  distributed  in 
time  and  separated  by  the  presentation  of  other  items.  These  effects 
of  the  scheduling  of  repetitions  are  reversed  when  a test  of  short-term 
memory  (STM)  is  used.  That  is,  STM  for  repeated  stimuli  is  best  when 
PI  and  P2  are  successive  and  close  together  in  time. 

The  effects  of  the  spacing  of  repetitions  on  memory  are  extremely 
general.  They  are  not  specific  to  any  particular  memory  paradigm,  re- 
tention test,  type  of  material  to  be  remembered,  modality  of  stimulus 
presentation,  or  rate  of  stimulus  presentation.  However,  the  free-re- 
call  paradigm  lias  been  used  extensively,  and  two  classic  experiments 
using  this  procedure  will  serve  as  a point  of  reference  to  illustrate 


the  general  effects. 
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Melton  (1967)  and  Madigan  (1969),  in  two  essentially  identical 
experiments,  presented  subjects  with  lists  of  words  to  be  remembered. 
Words  were  displayed  visually  at  a rate  of  1.5  sec  per  word.  Some 
words  occurred  only  once  in  a list,  while  others  occurred  twice.  For 
repeated  words,  PI  and  P2  were  separated  by  either  0,  2,  4,  8,  20,  or 
40  presentations  of  other  words  (i.e.,  the  lag  at  which  a word  was  re- 
peated). The  eight  items  at  the  very  beginning  and  very  end  of  each 
list  served  to  absorb  primacy  and  recency  effects  and  were  excluded 
from  the  analysis  of  subjects'  free-recall  performance.  The  major  im- 
portant findings  were  that  recall  probability  for  words  repeated  at 
Lag  0 was  not  much  higher  than  for  singly  presented  words,  and  recall 
probability  for  repeated  words  was  a systematically  increasing  function 
of  lag.  The  greatest  improvement  in  recall  for  repeated  words  occurred 
between  Lag  0 and  Lag  2.  These  basic  findings  have  been  replicated 
many  times.  In  addition,  Melton  (1970)  has  shown  that  the  lag  effect 
in  free-recall  occurs  independently  of  the  rite  (between  1.3  and  4.3 
sec  per  word)  and  modality  (visual  or  auditory)  of  stimulus  presentation 
Crowder  (1976)  has  suggested  that  the  results  of  the  Melton  (1967) 
and  Madigan  (1969)  studies  are  a function  of  several  different  phenomena 
The  fact  that  recall  generally  improves  under  all  conditions  in  which 
an  item  is  repeated  is  called  a repetition  effect.  The  large  and  con- 
sistent increase  in  performance  found  when  the  presentation  of  at 
least  some  other  items  separate  PI  and  P2 , than  when  PI  and  P2  are 
successive,  is  referred  to  as  a distribution  effect.  Additionally, 
increments  in  performance  which  occur  as  a function  of  the  number 
of  different  stimulus  presentations  intervening  between  PI  and  P2  is 
most  appropriately  termed  the  lag  effect.  This  differentiation  of  ef- 
fects has  utility  since  long-lag  and  distribution  effects  can  be 
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independently  influenced  by  certain  manipulations.  For  example, 
D'Agostino  and  DeRemer  (1973)  found  that  forcing  the  same  encoding  for 
PI  and  P2  of  a repeated  word  eliminates  long-lag  effects  but  not  the 
distribution  effect.  Gartman  and  Johnson  (1972)  showed  that  the  lag 
effect  in  recall  probability  for  repeated  homographs,  words  with  more 
than  one  meaning,  can  be  disrupted  by  systematically  biasing  their  encod- 
ing toward  different  meanings  at  the  two  occurrences.  In  addition, 
experiments  employing  the  continuous  paired-associate  memory  paradigm 
have  found  an  inverted-U  shaped  lag  function  when  short  or  intermediate 
retention  intervals  are  used  (Glenberg,  1976;  Peterson,  Wampler,  Kirk- 
patrick, & Saltzman,  1963);  however,  the  lag  function  approaches  the 
monotonic  increases  in  performance  found  with  the  free-recall  paradigm 
as  the  retention  interval  becomes  longer  (Glenberg,  1976).  While  the 
lag  function  is  rather  easily  influenced,  the  distribution  effect  appears 
almost  invariant  across  a wide  range  of  manipulations. 

Underwood  (1969)  investigated  the  effects  of  massed  and  distributed 
presentation  of  repeated  words  on  a free-recall  performance.  Massed 
presentation  (MP)  means  that  PI  and  P2  for  repeated  words  are  successive. 
Distributed  presentation  (DP)  indicates  that  the  presentation  of  at 
least  some  other  words  separate  PI  and  P2.  In  the  first  two  experi- 
ments, Lists  of  words  were  mixed  such  that  MP,  DP,  and  singly  presented 
words  occurred  within  the  same  list.  Words  were  auditorily  presented 
at  a rate  of  5 sec  per  word.  The  results  revealed  an  obvious  overall 
superiority  of  DP  over  MP.  In  addition,  MP  words  were  hardly  remembered 
better  than  words  presented  only  once.  A third  experiment  using  un- 
mixed lists  closely  replicated  the  findings  from  the  first  two  studies. 
Underwood  (1970)  obtained  similar  results  when  either  sentences  or  non- 


sense syllables  were  used  instead  of  words. 
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Distribution  effects  also  occur  with  the  continuous  paried-associ- 
ate  procedure.  Peterson,  Hillner,  and  Saltztnan  (1962)  and  Peterson  et 
^1*  (1963)  have  found  that  recall  probability  for  the  response  term  of 
a repeatedly  presented  paired-associate  varies  as  a function  of  both 
the  distribution  between  PI  and  P2  and  the  length  of  the  retention 
interval.  If  the  recall  test  comes  very  soon  after  P2  of  a paired- 
associate  (e.g.  , 2 sec),  MP  shows  superior  performance  to  DP.  With 
longer  intervals  between  P2  and  the  recall  test  the  situation  reverses, 
and  DP  response  terms  are  recalled  more  frequently  than  MP  terms.  The 
direction  of  the  distribution  effect  appears  to  depend  on  whether  a 
test  of  STM  or  LTM  is  used,  at  least  for  the  continuous  paired-associate 
procedure.  The  findings  with  respect  to  the  longer  retention  intervals 
are  very  much  in  accord  with  the  studies  cited  earlier.  The  superiority 
of  MP  found  for  STM  is  of  great  interest  but  has  not  been  the  subject 
of  much  investigation  using  other  paradigms.  However,  a similar  ad- 
vantage of  successive  over  distributed  repetition  has  been  found  with 
the  immediate  memory  span  technique  (Crowder,  1968). 

Hintzman  ( 1974,  1976)  has  suggested  that  the  most  consistent  find- 
ing across  paradigms,  retention  tests,  and  materials  to  be  remembered 
is  the  increases  in  LTM  which  occurs  as  a function  of  increases  in  the 
time  between  Pi  and  P2  up  to  approximately  15  or  20  sec.  He  named 
this  phenomenon  the  "spacing  effect"  and  presents  some  evidence  that  it 
asymptotes  at  about  15  sec.  The  continued  increases  in  performance 
found  at  lags  extending  beyond  15  sec  or  so,  and  the  paradoxical  su- 
periority of  MP  over  DP  with  tests  of  short- form  retention  are  not 
considered  under  the  rubric  of  the  spacing  effect.  Hintzman  proposed 
that  the  processes  responsible  for  these  phenomena  are  not  the  same  as 
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those  which  cause  the  spacing  effect.  Distribution  effects  with  para- 
digms using  a long-term  retention  test  and  the  increases  in  performance 
found  across  short  lags  are  considered  to  be  synonomous  with  the  spacing 
effect.  He  does  indicate,  however,  that  the  temporal  parameters  of  the 
spacing  effect  may  vary  somewhat  depending  on  the  materials  and  other 
experimental  manipulations.  It  is  worth  mentioning  that  while  spacing 
is  defined  in  terms  of  the  amount  of  time  between  PI  and  P2 , such  time 
is  typically  determined  by  the  number  of  intervening  stimuli  and  the 
presentation  rate.  Evidence  from  another  body  of  literature,  some  of 
which  will  be  discussed  later  in  this  paper,  suggests  that  time  and  num- 
ber of  intervening  stimuli  may  make  independent  contributions  to  the 
effects  of  the  spacing  of  repetitions.  For  the  most  part,  however, 
this  writer  is  in  agreement  with  the  definit  Lon  and  constraints  pro- 
posed by  Hintzman. 

In  noting  the  generality  and  ubiquity  of  the  spacing  effect, 
Hintzman  (1974)  contends  that  some  very  basic  processes  may  be  involved. 
Moreover,  he  points  out  that  the  effect  cannot  be  predicted  from  two 
otherwise  useful  principles  in  human  memory.  The  law  of  recency  is  con- 
tradicted by  the  fact  that  retention  decreases  as  PI  occurs  closer  in 
time  to  P2 , i.e.,  as  PI  becomes  more  recent.  The  total-time  law  states 
that,  within  certain  limits,  retention  of  an  item  is  a direct  function 
of  the  total  study  time  devoted  to  it  regardless  of  how  that  study  time 
is  distributed  (Cooper  & Pantle,  1967).  Since  the  total  amount  of  time 
for  which  an  item  is  presented  is  independent  of  the  spacing  or  distri- 
bution between  PI  and  P2 , this  principle  is  contradicted  as  well. 

The  question  as  to  what  processes  are  responsible  for  the  spacing 
effect  has  yet  to  be  answered  satisfactorily. 


A number  of  alternative 
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theoretical  explanations  for  the  effects  of  the  spacing  of  repetitions 
have  been  proposed.  None  are  conclusive;  they  differ  primarily  in 
whether  they  attribute  the  effects  to  deficiencies  in  the  processing  of 
PI  or  P2  and  in  assuming  either  voluntary  or  involuntary  origins  for 
such  deficiencies.  The  major  concepts  which  have  been  invoked  as  an  ex- 
planation are  memory  consolidation  (Landauer,  1967,  1969;  Peterson, 

1966),  rehearsal  (Atkinson  & Shiffrin,  1968;  Fundus,  1971),  voluntary 
allocations  of  attention  (Glanzer,  1969;  Greeno,  1970;  Underwood,  1970), 
habituation  (Hintzman,  1974,  1976) , and  encoding  variability  (Glenberg, 
1976;  Madigan,  1969;  Melton,  1970). 

The  memory  consolidation  and  rehearsal  notions  both  assume  that 
the  locus  of  the  spacing  effect  is  at  PI.  The  proposal  is  basically 
that  ongoing  processing  of  PI  is  halted  or  disrupted  by  P2,  which  re- 
cruits processing  capacity  for  itself.  Deficiencies  in  the  processing 
of  PI  are  therefore  inversely  related  to  the  spacing  between  the  two 
presentations.  The  difference  between  the  two  approaches  is  primarily 
a matter  of  whether  processing  is  assumed  to  be  involuntary,  i.e.,  an 
autonomous  consolidation  process,  or  voluntary  in  the  sense  of  subject- 
controlled  rehearsal.  Neither  seems  tenable  since  evidence  from  a 
modality-tagging  experiment  has  indicated  that  it  is  the  retention  of 
P2  and  not  PI  which  varies  as  a function  of  spacing  (Hintzman,  Block  6 
Summers,  1973).  In  addition,  Bjork  and  Allen  (1970)  found  that  recall 
of  repeated  words  was  better  when  a difficult  interpolated  task  separated 
PI  and  P2  than  when  an  easy  task  separated  the  two  presentations.  A dif- 
ficult task  should  undoubtedly  have  caused  more  interference  with  either 
the  consolidation  or  rehearsal  of  PI,  but  the  fact  that  recall  was  better 
in  this  situation  casts  serious  doubt  on  any  account  of  the  spacing  ef- 
fect which  predicts  differential  processing  of  PI. 
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Explanations  based  on  allocations  of  attentional  capacity  presume 
that  either  boredom  or  the  presence  of  PI  in  STM  cause  the  subject  to 
devote  less  than  a full  measure  of  attention  to  P2.  There  are  several 
advantages  to  this  approach.  First,  it  is  assumed  that  variations  in 
the  processing  of  P2  are  a function  of  its  proximity  to  PI.  That  is, 
more  attention  is  devoted  to  P2  if  there  is  some  delay  or  other  items 
intervening  between  it  and  PI.  The  results  of  the  Hintzman  et  al. 

(1967)  and  Bjork  and  Allen  (1970)  studies  are  in  good  agreement  with 
this  proposition.  A second  advantage  is  that  such  an  account  of  the 
spacing  effect  is  very  much  in  accord  with  the  literature  on  the  orient- 
ing response  (e.g.,  Sokolov,  1963),  and  may  also  be  relevant  to  similar 
repetition  phenomena  observed  with  infra-human  subjects  (Wagner,  1976; 
Whitlow,  1975) . If  the  allocation  of  attention  is  somehow  involuntarily 
controlled,  as  Hintzman  (1974)  suggests,  then  the  spacing  effect  and 
the  parameters  which  influence  it  would  appear  to  parallel  the  process 
of  habituation  and  its  determinants. 

What  evidence  there  is  for  the  involvement  of  attentional  pro- 
cesses is  of  an  indirect  sort.  For  example,  Shaughnessy,  Zimmerman, 
and  Underwood  (1972)  found  that  subjects  given  the  opportunity  to  con- 
trol the  exposure  time  of  visually  presented  words  spent  more  time 
studying  P2  items  on  a DP  schedule  than  on  an  MP  schedule.  Subjects' 
recall  performance  showed  a corresponding  distribution  effect.  Elmes, 
Greener,  and  Wilkinson  (1972)  reasoned  that  if  less  attentional  capacity 
is  allocated  to  P2  when  repetitions  are  massed,  then  some  leftover 
capacity  might  be  applied  to  items  after  P2.  This  is,  in  fact,  what 
they  found.  Recall  for  words  presented  immediately  after  P2  was  better 
when  PI  and  P2  were  successive  than  when  they  were  distributed.  This 
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compensatory  increase  in  performance  on  nearby  noncritical  items  sug- 
gests that  the  allocation  of  a fixed  processing  capacity  is  involved  in 
the  spacing  effect. 

Studies  which  have  attempted  to  eliminate  or  attenuate  the  spacing 
effect  via  manipulations  designed  to  insure  an  even  distribution  of  at- 
tention to  all  stimuli  have  generally  not  been  successful  (D'Agostino  & 
DeRemer,  1973;  Elmes,  Sanders,  & Dovel,  1973;  Hintzman,  Summers,  Eki,  & 
Moore,  1975).  In  addition,  Shaughnessy  (1975)  found  that  the  effect 
occurs  even  in  incidental  learning  situations.  While  such  findings 
have  been  taken  as  evidence  that  the  allocation  of  attentional  capacity 
to  P2  is  not  volitional  (Hintzman,  1975,  1976),  one  might  just  as  well 
argue  that  attention  to  the  stimulus  is  not  the  critical  factor  re- 
sponsible for  the  spacing  effect. 

Explanations  based  on  encoding  variability  theory  do  not  assume 
a deficiency  in  the  processing  of  either  PI  or  P2,  but  instead  emphasize 
shifts  in  context  between  the  two  presentations.  At  short  spacings  PI 
and  P2  sample  virtually  the  same  contextual  elements  and  there  is  con- 
siderable overlap  in  their  encoding.  As  the  spacing  between  the  two 
presentations  increases,  there  is  a corresponding  increase  in  the  proba- 
bility that  PI  and  P2  will  be  associated  with  different  contextual  cues 
and  become  uniquely  encoded.  The  theory  basically  predicts  that  the 
more  different  encodings  or  contextual  associates  a stimulus  has,  the 
greater  is  the  likelihood  of  its  retrieval  at  a later  time.  There  is 
little  experimental  support  for  encoding  variability  as  an  explanation 
of  the  spacing  effect  (Hintzman,  1976) . The  evidence  that  contextual 
shifts  are  responsible  for  long-lag  effects  is  considerably  better 
(Glenberg,  1976).  It  seems  intuitively  reasonable  that  substantial 
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shifts  in  context  between  PI  and  P2  would  occur  at  long  lags,  and  this 
is  wholly  consistent  with  the  frequently  obtained  monotonic  increases 
in  recall  performance.  Moreover,  changes  in  the  context  in  which  a 
stimulus  is  presented  can  modulate  attentional  capacity  (Kahneman, 

1973;  Pribram  & McGuinness , 1975;  Sokolov,  1963)  and,  as  Crowder  (1976) 
has  suggested,  the  lability  of  attentional  capacity  and  encoding  varia- 
bility appear  to  be  complementary  explanations  of  spacing  and  lag  effects. 

Despite  the  lack  of  strong  empirical  support,  the  most  promising 
explanation  of  the  spacing  effect  seems  to  involve  variations  in  the 
allocation  of  central  processing  capacity.  An  unobtrusive  measure  of 
momentary  processing  demands  at  the  time  of  occurrence  of  PI  and  P2 
would  be  an  invaluable  asset  for  evaluating  this  proposal.  Not  only 
could  the  locus  of  the  effect  be  identified,  but  the  parameters  which 
determine  the  effectiveness  of  repetition  and  the  resulting  influence 
on  memory  could  be  systematically  investigated  as  well.  Psychophysiologi- 
cal  responses  are  unique  in  satisfying  the  requirements  for  an  un- 
obtrusive measure  of  attention  and  processing  effort. 

Phasic  arousal  responses  have  been  variously  implicated  as  re- 
flecting the  elicitation  of  the  orienting  response  (Graham  & Clifton, 

1966;  Sokolov,  1963,  1969),  changes  in  attention  and  perceptual  sensi- 
tivity  (Kahneman,  1973;  Lacey,  1967;  Pribram  & McGuinness,  1975),  and 
variations  in  the  allocation  of  processing  capacity  and  mental  effort 
(Kahneman,  1973;  Pribram  & McGuinness,  1975).  In  addition,  it  is  now 
well  established  that  arousal  and  habituation  are  at  least  partly  con- 
trolled by  high  level  functions  and  involve  the  participation  of  the 
memory  system  (see  Silverstein  & Berg,  1977  for  a complete  review  of 
these  topics) . 
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Of  particular  interest  for  this  paper  is  the  bidirectional  nature 
of  the  heart  rate  (HR)  response.  It  has  been  consistently  found  that 
HR  deceleration  accompanies  situations  requiring  orienting  or  attention 
to  the  external  environment;  on  the  other  hand,  HR  acceleration  and 
other  sympathetic  manifestations  of  arousal  generally  occur  during  very 
effortful  mental  processes  (e«g. , mental  arithmetic  or  maintenance  re- 
hearsal) or  in  response  to  high  intensity  stimulation  (Graham  & Clifton, 
1966;  Lacey,  1967;  Lacey,  Kagan,  Lacey,  & Moss,  1963;  Tursky,  Schwartz,  & 
Crider,  1970).  Thus,  the  HR  response  permits  the  differentiation  of  ex- 
ternal and  internal  processing  demands,  an  obvious  benefit  where  memory 
tasks  involving  both  attentional  and  rehearsal  processes  are  concerned. 
Measures  such  as  skin  conductance  usually  show  a sympathetic-like  in- 
crease in  activity  during  both  the  attentional  and  cognitive  effort 
phases  of  most  psychological  tasks,  although  there  is  some  evidence 
that  skin  conductance  is  not  particularly  sensitive  to  maintenance  re- 
hearsal (Tursky  et  al. , 1970). 

The  measurement  of  cardiac  and  electrodermal  responses  evoked 
at  the  time  of  individual  stimuls  presentations  along  with  the  subsequent 
long-term  recall  of  these  events  provides  a powerful  technique  for  in- 
vestigating repetition  and  distribution  effects  on  memory.  The  follow- 
ing three  experiments  are  based  on  this  strategy. 


( 


EXPERIMENT  1 


The  initial  experiment  was  designed  to  meet  three  major  objectives. 
The  first  was  to  replicate  the  free-recall  lag  function  previously  found 
by  Melton  (1967)  and  Madigan  (1969)  and  also  the  Elmes  et  al.  (1972) 
finding  that  noncritical  items  following  repetitions  at  a zero  or  short 
lag  are  recalled  better  than  those  following  repetitions  at  a long  lag. 

A second  objective  was  to  determine  the  form  of  the  HR  response  evoked 
by  meaningful  verbal  stimuli  associated  with  a memory  task.  A biphasic 
response  was  anticipated:  a small  initial  HR  deceleration  reflecting 

attentional  processes  followed  by  HR  acceleration  during  the  period  of 
stimulus  rehearsal  (Tursky  et  al.,  1970).  The  third  major  objective  was 
to  explore  the  possibility  of  differential  processing  of  PI,  P2,  and  non- 
critical  stimuli  following  repetitions. 

It  was  predicted  that  differential  processing  would  influence  the 
HR  response  and  appear  primarily  as  variations  in  the  magnitude  of  the 
deceleratory  component  with  little  effect  on  the  subsequent  rehearsal- 
related  acceleratory  component.  If  repeating  a stimulus  at  a lag  of 
zero  (i.e.,  an  MP  schedule)  results  in  little  or  no  improvement  in  the 
long-term  memory  for  that  stimulus  because  of  a lack  of  attention  to  P2 , 
then  the  HR  response  evoked  by  P2  should  show  a smaller  deceleratory 
component  than  the  Pl-evoked  HR  response.  As  the  lag  between  PI  and  P2 
increases,  the  P2-evoked  HR  deceleration  should  increase  in  correspondence 
with  improvements  in  long-term  recall.  The  deceleratory  response  to 
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stimuli  after  repetitions  should  decrease  across  lags  if  the  argument 
that  compensatory  allocations  of  attentional  capacity  are  applied  to 
such  stimuli  is  correct.  Thus,  it  was  predicted  that  both  the  long- 
term recall  of  repeated  stimuli  and  P2-evoked  HR  deceleration  would  in- 
crease as  a function  of  the  lag  between  repetitions,  while  the  recall 
and  HR  deceleration  for  noncritical  stimuli  following  repetitions  would 
be  inversely  related  to  lag.  The  Pl-evoked  HR  deceleration  was  not  ex- 
pected to  vary  across  lags.  In  addition,  the  acceleratory  component 
of  the  HR  response  was  expected  to  be  relatively  invariant  across  lags 
and  presentation  types.  There  is  no  reason  for  the  amount  or  rate  of 
information  rehearsed  after  PI  presentations  to  be  affected  by  the 
presentation  of  P2.  The  rehearsal  of  P2  and  stimuli  following  repeti- 
tions could  indeed  vary  as  a function  of  lag;  however,  these  differences 
would  probably  not  be  reflected  in  HR  because  subjects  could  maintain 
an  optimal  rehearsal  load  by  simply  choosing  to  rehearse  other  pre- 
viously presented  stimuli.  If  differences  in  rehearsal-related  HR  ac- 
celeration were  to  occur  they  would  only  be  of  secondary  interest  since, 
as  llintzman  (1974)  has  pointed  out,  differential  rehearsal  following  re- 
petitions is  most  appropriately  considered  a manifestation  rather  than 
a cause  of  the  spacing  effect. 

Method 


Subj  ects 

Six  male  and  six  female  introductory  psychology  students  at  the 
University  of  Florida  served  as  subjects  and  received  class  credit  for 
their  participation.  Subjects  ranged  in  age  from  18  to  23  years  with 
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a mean  of  20.0  years  and  satisfied  the  following  selection  criteria: 
no  known  history  of  cardiac  or  vascular  disorders;  no  active  hay  fever, 
asthma,  colds,  or  other  respiratory  dif f icultires ; no  use  of  drugs  or 
prescription  medications,  other  than  contraceptive,  within  the  previous 
24  hours.  Experimenter  error  necessitated  the  replacement  of  one  sub- 
ject, and  one  other  subject  who  exhibited  excessive  variability  in 
cardiac  rhythm  was  also  replaced. 

Stimulus  Lists  and  Design 

Eighty-six  stimulus  words  were  selected  from  a pool  of  320  five- 
letter  nouns  used  in  an  earlier  study  (Fischler,  1973).  All  words 
were  of  one—  or  two— syllables  and  fell  within  the  frequency  range  of 
10—100  per  million  in  Kucera  and  Francis  (1967).  The  86  words  were 
randomly  assigned  to  one  of  two  43-word  lists  (A  or  B)  having  a mean 
frequency  of  34.5  and  34.9,  respectively.  The  experimental  word  lists 
are  displayed  in  Appendix  A. 

Each  word  list  was  used  to  construct  a list  of  52  presentation 
events  consisting  of  34  words  presented  once  (IP)  and  3 words  presented 
twice  (2P)  at  each  of  3 lags:  0,  4,  and  8 intervening  events.  In  each 

presentation  list  there  was  an  8-event  primacy  buffer  and  an  8-event 
recency  buffer  occupying  corresponding  list  positions  1-8  and  45-52. 

The  buffers  contained  only  IP  words,  and  their  purpose  was  to  allow  the 
analysis  of  repetition  and  lag  effects  uncomplicated  by  the  serial  posi- 
tion effect  of  free  recall  (Murdock,  1962).  Between  these  buffers  were 
36  positions  containing  18  IP  words  and  the  3 2P  words  for  each  lag 
value.  Since  the  buffers  were  excluded  from  all  data  tabulations  and 
analyses,  these  central  36  positions  were  designated  the  functional 


presentation  list. 
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One  exemplar  of  each  lag  condition  was  assigned  to  each  third  of 
the  functional  presentation  list,  with  the  constraint  that  at  least 
one  IP  word  separated  a repetition  from  either  PI  or  P2  of  any  other 
repeated  word.  The  18  functional  IP  words  were  subdivided  into  9 IP 
words  and  9 words  immediately  following  repetitions  (IP').  Thus, 
within  the  functional  presentation  list  were  9 IP  words  occupying  9 
positions,  9 2P  words  occupying  18  positions  (3  PI  and  3 P2  presentations 
at  each  of  the  3 lags),  and  9 IP'  words  occupying  9 positions.  The 
average  serial  position  of  IP  words  within  the  52  event  presentation 
list  was  27.0.  For  lags  of  0,  4,  and  8,  the  average  serial  positions 
of  P2  were  25.7,  27.7,  and  29.7,  respectively.  Average  positions  for 
IP  words  were  26.7,  28.7,  and  30.7  for  the  3 lags.  The  conditional 
probability  of  any  given  word  being  repeated  was  .21  (i.e.,  .07  for 
each  lag) . 

Random  assignment  of  words  from  Lists  A and  B to  events  within 
the  given  presentation  list  structure  resulted  in  two  structurally  iden- 
tical presentation  lists  of  different  words  (A1  and  Bl).  In  addition, 
two  other  lists  (A2  and  B2)  were  created  from  these  by  a partial  rota- 
tion of  IP,  2P,  and  IP'  words  in  the  functional  portion  of  each  list. 

The  intent  of  this  maneuver  was  to  provide  an  additional  means  of  as- 
sessing any  bias  in  the  results  due  to  individual  item  selection. 

Subjects  were  each  presented  and  subsequently  recalled  one  A list 
and  one  B list.  List  type  (A  - B)  was  a within-subj ects  factor,  and 
the  order  in  which  A and  B lists  were  presented  was  counterbalanced 
across  the  12  subjects.  List  number  (1  - 2)  was  a between-subj ects 
factor:  half  of  the  subjects  received  Lists  A1  and  Bl  and  the  other 

half  received  Lists  A2  and  B2.  Lag  and  presentation  type  varied 
within  both  lists  and  subjects. 
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Apparatus 

All  stimulus  generating  and  timing  functions  were  controlled  by 
a PDP-8  laboratory  computer  system.  Stimulus  lists  were  stored  on  mag- 
netic disk  and  were  presented  by  the  computer  on  a Tektronix  Type  602 
display  oscilloscope. 

The  electrocardiogram  (EKG)  was  detected  by  a standard  Lead  II 
placement  of  Beckman  Biopotential  electrodes  on  sites  scrubbed  with 
alcohol.  Electrodes  were  fastened  with  Beckman  adhesive  collars  and 
micropore  tape.  A Beckman  Type  R411  Dynograph  provided  signal  condi- 
tioning, amplification,  and  analog  records  of  the  EKG.  The  EKG  was 
filtered  with  a .004-sec  time  constant  and  fed  into  a Beckman  9857 
Cardiotachometer  Coupler  whose  output  was  also  displayed  on  the  paper 
record.  In  addition,  a synchronization  pulse,  coincident  with  stimulus 
presentation,  was  generated  by  the  PDP-8  and  routed  to  the  polygraph  to 
provide  a stimulus  marker.  The  filtered  EKG,  cardiotachometer  output, 
and  synchronization  pulse  were  all  simultaneously  recorded  on  a Hewlett- 
Packard  3960  instrumentation  recorder  for  subsequent  computer  scoring 
of  cardiac  rate.  During  playback,  the  signals  recorded  on  magnetic 
tape  were  fed  through  an  Iconix  dual  Schmitt-trigger/one-shot/level- 
converter  combination  to  provide  shaped  TTL— level  pulses  appropriate  for 
input  into  the  computer. 

The  subject  testing  room,  located  adjacent  to  the  laboratory,  was 
furnished  with  a comfortable,  fully-adjustable  dental  chair.  A small 
instrument  rack  containing  the  Tektronix  display  scope  was  positioned 
approximately  1.5  m directly  in  front  of  the  chair.  The  inside  of  the 
rack  was  blanked-out  with  a large  cardboard  panel  such  that  only  the 
scope  face  was  visible  to  the  subject.  A Fanon  intercom  system  enabled 
two-way  communication  between  the  testing  room  and  the  laboratory. 


17 


Procedure 

Upon  arrival  at  the  laboratory,  subjects  were  informed  about  the 
general  nature  of  the  experiment:  that  they  would  be  presented  with 

lists  of  words  to  be  remembered,  and  that  physiological  responses  would 
be  recorded,  requiring  that  electrodes  be  attached  to  their  arms  and 
leg.  If  they  decided  to  participate,  they  were  questioned  concerning 
the  selection  criteria  outlined  earlier.  Subjects  who  met  these  cri- 
teria were  then  taken  to  the  experimental  testing  room  for  electrode 
placement  and  instructions. 

When  the  electrodes  were  in  place,  subjects  were  seated  in  the 
dental  chair.  An  example  word  was  presented  on  the  display  scope,  and 
the  chair  was  adjusted  so  that  subjects  were  comfortable  and  had  a con- 
venient view  of  the  display.  Subjects  were  then  given  a clipboard,  a 
blank  sheet  of  paper,  and  a pen  to  rest  on  their  laps.  The  following 
instructions  were  given  to  all  subjects: 

Two  different  lists  of  approximately  50  words  each 
are  going  to  be  presented  on  the  scope  display.  All  the 
words  will  be  five-letter  nouns  similar  to  the  example 
word,  and  some  of  the  words  within  each  list  will  occur 
more  than  once.  There  are  no  obvious  or  planned  associa- 
tions between  words  or  any  predictable  orderings  of  repe- 
tions.  Each  word  will  appear  on  the  display  for  about  1 
sec,  and  there  will  be  approximately  10  sec  between  word 
presentations.  Since  the  lists  are  quite  long  and  no 
warning  is  given  as  to  when  a word  will  be  presented,  try 
to  remain  alert  and  keep  your  eyes  on  the  display  at  all 
times.  At  the  very  end  of  each  list,  five  question  marks 
will  appear  on  the  display  instead  of  a word.  This  is  a 
signal  for  you  to  recall  as  many  of  the  words  from  that 
list  as  you  can  remember,  in  any  order  you  wish.  The 
clipboard  and  pen  are  provided  for  that  purpose.  I will 
give  you  3 min  to  write  down  the  words,  and  then  I will 
return  from  the  laboratory,  take  your  recall  sheet,  and 
replace  it  with  another  blank  one.  After  a 5 min  rest, 
we  will  proceed  to  the  second  list.  It  is  very  important 
that  you  restrict  your  movements  as  much  as  possible 
during  the  presentation  of  the  lists  because  of  the  sensi- 
tivity of  the  recording  equipment.  Of  course,  when  the 
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question  marks  appear  just  pick-up  the  clipboard  and  be- 
gin writing.  Do  you  have  any  questions?  If  not,  I will 
go  to  the  laboratory  and  we  will  begin  the  experiment. 

When  the  example  word  disappears  from  the  display,  you 
will  have  30  sec  until  the  presentation  of  the  first  word 
of  the  list. 

Stimulus  words  were  composed  of  a series  of  dots.  Each  letter 
was  composed  of  an  average  of  15  dots  and  occupied  a space  of  approxi- 
mately 1.0  cm  x .75  cm.  The  words  were  centered  on  the  scope  display. 
Stimulus  duration  was  1 sec;  however,  due  to  the  slow  decay  rate  of  the 
scope  phosphors  a "shadow"  of  the  stimulus  was  visible  for  approximately 
1 additional  sec.  A long  interpresentation  interval,  10  sec  from  onset 
to  onset,  was  necessitated  by  the  need  to  allow  the  HR  response  to  re- 
cover between  stimulus  presentations. 

Data  Analyses 

Recall  scores  were  based  on  the  proportion  of  words  correctly  re- 
called for  each  condition  within  each  list.  For  the  IP  condition,  this 
proportion  was  based  on  the  nine  IP  words  in  the  functional  list.  The 
2P  and  IP'  scores  associated  with  lags  of  0,  4,  and  8 were  proportions 
of  the  three  words  exemplifying  each  combination. 

To  measure  HR,  the  R-waves  on  the  EKG  recorded  on  magnetic  tape 
were  converted  into  digital  pulses,  and  R-R  intervals  were  read  to  the 
nearest  millisecond  by  the  PDP-8.  These  data  were  subsequently  converted 
xnto  rate  in  beats  per  minute  per  1 sec  period  for  1 sec  before  and  5 
sec  after  stimulus  presentation.  Thus,  6 sec  of  HR  were  obtained  for 
each  of  the  36  presentation  events  in  the  functional  list.  Since  there 
were  no  IP  words  uniquely  associated  with  each  lag  value,  HR  responses 
to  these  items  were  not  considered  in  the  data  analysis.  Given  the  ran- 
dom assignment  of  stimulus  words  to  presentation  events,  it  was  assumed 
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that  the  response  to  IP  words  would  be  equivalent  to  those  responses 
evoked  by  PI  of  repeated  words.  In  addition,  HR  responses  to  PI,  P2 , 
and  IP'  presentations  were  each  formed  into  two  trial  blocks  representing 
halves  of  the  session. 

The  primary  method  of  examining  the  HR  data  was  by  analysis  of 
the  variance  of  orthogonal  components  of  trend  over  the  6 sec  of  data 
scored.  This  type  of  analysis  is  not  greatly  affected  by  differences 
in  prestimulus  level  (Graham  & Jackson,  1970).  Such  differences  were 
not  tested  for,  and  HR  scores  were  not  adjusted  for  regression  on  pre- 
stimulus values.  For  convenience,  however,  illustrations  display  HR 
curves  as  differences  from  prestimulus  level. 

Several  important  points  should  be  noted  about  the  HR  analyses 
used  throughout  this  paper.  First,  the  trend  analysis  program  contained 
provision  for  only  a limited  number  of  factors.  As  a result,  factors 
of  minimal  interest  were  eliminated  from  the  HR  analyses.  These  same 
limitations  often  resulted  in  a necessity  for  combining  two  factors  into 
a single  effect.  Second,  the  program  allowed  for  the  computing  of 
planned  comparisons  on  several  factors.  Effects  of  primary  interest  for 
this  research  were  evaluated  in  such  a manner.  Third,  when  planned 
comparisons  were  employed,  the  program  generated  only  a pooled  error 
term.  Since  this  situation  results  in  the  inflation  of  the  degrees  of 
freedom  associated  with  an  effect,  a conservative  F test  using  reduced 
degrees  of  freedom  was  initially  employed  for  all  comparisons  (Geisser  & 
Greenhouse,  1958) . If  the  conservative  test  for  a comparison  of  primary 
interest  was  marginally  significant,  and  an  _F  test  using  unreduced  de- 
grees of  freedom  was  statistically  significant  (_p  < .05)  , then  the 
unpooled  error  term  for  that  comparison  was  derived,  and  the  F was 
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tested  with  the  normally  associated  degrees  of  freedom.  In  short,  where 
computer  program  limitations  in  the  calculation  of  important  planned 
comparisons  left  the  significance  of  an  effect  in  doubt,  calculations 
were  performed  to  determine  the  exact  and  appropriate  F value.  Compari- 
sons resulting  in  such  a situation  can  be  identified  by  noting  the  in- 
clusion of  the  MSE  where  they  are  referred  to  in  the  text. 


Results 


Recall 

The  main  results  of  the  experiment  are  illustrated  in  Figure  1. 

In  addition  to  the  probability  of  recall  of  IP  words,  recall  of  2P  and 
IP'  words  are  shown  as  a function  of  lag.  A repetition  effect  is  ap- 
parent. Recall  of  2P  words  at  all  lags  was  greater  than  recall  of  IP 
words.  Additionally,  recall  of  2P  words  increased  as  a function  of  lag. 
The  large  increase  between  Lag  0 (i.e.,  MP)  and  Lags  4 and  8 reflects 
a distribution  effect.  An  analysis  of  2P  recall  scores  (Appendix  B, 
Table  1)  revealed  a significant  main  effect  of  lag,  _F(3 , 30) =8 . 61 , 

R <.001,  while  neither  the  main  effects  of  list  type  or  list  number 
nor  their  interaction  with  the  lag  factor  were  significant.  To  facili- 
tate comparison  of  IP  and  2P  conditions,  IP  was  included  as  a level  of 
the  lag  factor.  A Duncan  New  Multiple  Range  Test  disclosed  that  re- 
call of  2P  words  at  Lag  4 and  Lag  8 was  significantly  greater  than  re- 
call of  IP  words  and  2P  words  at  Lag  0 (ji>  < .05)  . No  other  pairwise 
comparisons  were  significant.  Although  the  difference  was  not  signifi- 
cant, it  should  be  noted  that  an  increase  of  .16  in  recall  probability 
occurred  between  IP  and  2P  at  Lag  0. 
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A complementary  analysis  was  performed  for  IP'  recall  scores 
(Table  1).  The  main  effect  of  lag  was  only  marginally  significant, 

— (3  > 30)-2 . 71 , jd  <.07.  Again,  neither  the  effects  of  list  type  or 
list  number  nor  their  interaction  with  lag  were  significant.  The  pre- 
diction that  recall  of  IP'  words  would  be  a decreasing  function  of  lag 
was  partially  supported  by  a Duncan  Test,  which  revealed  that  recall 
probability  for  IP'  words  at  Lag  0 was  significantly  greater  than  that 
for  IP  words  at  Lag  4 (jd  < .05).  No  other  pairwise  comparisons  were 
significant.  Although  recall  probability  for  IP'  words  increased  be- 
tween Lag  4 and  Lag  8,  a distribution  effect  is  suggested  by  the  overall 
superiority  of  recall  for  IP'  words  at  Lag  0. 

Heart  Rate 

The  HR  responses  evoked  by  PI,  P2,  and  IP'  word  presentations  are 
illustrated  in  Figure  2.  Each  curve  is  the  average  of  72  individual 
curves,  6 per  subject.  Complete  HR  analyses  can  be  found  in  Appendix  C 
(Tables  2-4). 

The  biphasic  nature  of  the  HR  response,  a brief  deceleration  fol- 
lowed by  a linear  acceleration,  is  apparent  from  Figure  2.  Separate 
analyses  were  performed  for  comparing  P1-P2  and  PI- IP'  responses 
(Table  2) , and  the  biphasic  pattern  was  confirmed  by  both  the  combined 
P1-P2  HR  responses  (seconds  ^F(5 , 50)=17. 79 , < .001;  linear  seconds 

F(l,10)=84.08,  2.  < -001;  cubic  seconds  F(l,10)=12.11,  £ < .01)  and  the 
combined  P1-1P'  HR  responses  (seconds  F(5 , 50)=21 . 15 , £ < .001;  linear 
seconds  _F(1,10)=76.90,  £ < .001;  cubic  seconds  _F(1 , 10) =11 . 77 , p < .01). 

There  was  a tendency  for  greater  HR  deceleration  to  occur  in  re- 
sponse to  P2  than  to  PI,  independent  of  lag.  Planned  comparisons 
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revealed  an  overall  difference  between  PI  and  P2  only  for  the  quadratic 
trend  across  seconds  [F(l, 10) =5 . 33,  MSE=.70,  p < . 05 ] , a result  of  the 
greater  deceleration  evoked  by  P2.  The  linear  seconds  trend  did  not 
vary  between  PI  and  P2,  and  there  was  no  indication  of  differential 
responding  to  either  PI  or  P2  as  a function  of  lag.  Pooled  HR  response 
curves  for  PI  and  P2  are  displayed  in  Figure  3.  Two-tailed  paired-t 
tests  for  each  second,  including  the  prestimulus  second,  disclosed  a 
significant  difference  in  HR  only  for  second  2 (£(11)=3.82,  £ <.01). 

In  addition,  the  peak  HR  deceleration  (or  least  acceleration)  occurring 
within  the  first  2 poststimulus  seconds  was  greater  for  P2  than  PI, 
t(ll)=3.39,  £ < .01. 

Responses  to  IP'  presentations  did  vary  as  a function  of  lag  (see 
Figure  2,  right-hand  panel).  Planned  comparisions  did  not  reveal  any 
differences  in  the  overall  HR  trends  between  PI  and  IP';  however,  a 
significant  P1-1P'  x linear  lag  x cubic  seconds  interaction  [F(l,10)= 
5.41,  _£  <^.05]  suggested  that  some  differential  responding  to  PI  and  IP' 
had  occurred.  Subsequent  comparisons  disclosed  that  this  interaction 
was  manifested  primarily  by  a difference  in  the  cubic  seconds  trend 
between  PI  and  IP'  at  Lag  0 [F(l, 10) =6 . 66 , MSE=2 . 30 , £ < .05],  reflect- 
ing the  greater  HR  deceleration  evoked  by  IP'  presentations.  An  analy- 
sis of  HR  responses  to  IP'  presentations  as  a function  of  lag  (Table  3) 
resulted  in  a marginally  significant  lag  x cubic  seconds  interaction, 

_F(2 , 20) =2 . 90 , ^ < .10.  Planned  comparisons  revealed  a difference  only 
in  the  cubic  seconds  trend  between  IP'  at  Lag  0 and  Lag  4 [F(l , 10) =5 . 77 , 
£ <*05],  indicative  of  the  tendency  for  a relatively  large  decelera- 
tion to  occur  at  Lag  0 but  not  at  Lag  4.  One-tailed  paired-t  tests 
for  each  second  resulted  in  only  a marginally  significant  difference  in 
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the  first  poststimulus  second,  t(ll)=1.62,  £ < .10.  Although  the  mag- 
nitude of  HR  deceleration  evoked  by  IP'  presentations  was  not  a decrees 
ing  function  of  lag,  the  difference  between  Lag  0 and  Lag  4 was  in  the 
appropriate  direction.  In  addition,  the  fact  that  IP '-evoked  HR  decel- 
eration was  much  larger  at  Lag  0 than  at  either  Lag  4 or  Lag  8 is  in 
accord  with  a distribution  effect. 

Two  additional  features  of  the  HR  data  are  worth  noting.  First, 
the  linear  seconds  trend,  indicative  of  rehearsal-related  HR  accelera- 
tion, clearly  accounted  for  most  of  the  variance  in  the  second-by- 
second  changes  in  HR.  However,  no  comparisons  involving  the  linear 
trend  approached  statistical  significance.  Those  differences  in  the 
HR  response  which  did  occur  were  all  apparently  related  to  the  initial 
deceleratory  component.  Second,  there  were  no  consistent  changes  in 
the  HR  response  between  trial  blocks  (i.e.,  halves  of  the  session). 
Separate  analyses  of  PI,  P2,  and  IP'  HR  responses  as  a function  of 
trial  blocks  (Table  4)  revealed  no  trial  blocks  x seconds  interactions 
for  any  of  the  three  presentation  types. 

Discussion 

The  effects  of  repetition,  distribution,  and  lag  on  the  LTM  for 
2P  words  were  all  prominent  in  the  free-recall  data.  These  results  are 
very  much  in  accord  with  the  findings  of  Melton  (1967)  and  Madigan 
(1969),  and  also  extend  the  generality  of  the  effects  to  presentation 
rates  as  slow  as  10  sec  per  item.  In  addition,  the  shape  of  the  lag 
function  for  2P  words  and  the  recall  probability  for  IP  words  in  the 
present  experiment  were  almost  identical  to  those  reported  by  the 


28 


earlier  studies.  Of  course,  this  is  considering  only  the  range  of  lag 
values  which  were  common  to  all  three  studies.  An  important  discrepancy 
between  studies,  however,  occurred  for  the  difference  in  recall  proba- 
bility for  IP  words  and  2P  words  at  Lag  0.  For  example,  Madigan  (1969) 
found  this  difference  to  be  on  the  order  of  about  .03,  while  in  the 
present  experiment  there  was  an  increase  of  .16  in  recall  probability 
between  IP  and  2P  at  Lag  0.  The  results  of  the  present  experiment  ex- 
hibited a greater  overall  effect  of  repetition,  independent  of  the  in- 
fluence of  distribution  or  lag  (i.e.,  the  entire  lag  function  was 
shifted  toward  greater  recall  probability). 

This  discrepancy  between  experiments  is  not  surprising  when  the 
conditional  probabilities  of  a given  word  being  repeated  are  considered. 
In  the  Melton  (1967)  and  Madigan  (1969)  studies  this  probability  was 
.50,  but  in  the  present  experiment  it  was  only  .21.  Thus,  in  the 
present  experiment  a repetition  was  a much  more  infrequent  or  isolated 
event,  which  may  have  resulted  in  more  attention  being  devoted  to  P2 
presentations.  Given  this  situation,  the  fact  that  the  distribution 
and  lag  effects  remained  unattenuated  is  of  great  interest. 

Several  other  experiments,  in  which  the  amount  of  attention  de- 
voted to  repetitions  was  manipulated  by  instructions  to  subjects,  mo- 
tivational incentives,  or  distinguishing  physical  characteristics  of 
repeated  stimuli,  have  reported  similar  findings.  For  example, 

Hintzman  et  al.  (1975)  presented  scenic  pictures  to  subjects  with  lags 
of  0,  1,  5,  and  15  intervening  items  between  PI  and  P2 . Half  of  the 
P2  presentations  at  each  lag  were  accompanied  by  a tone,  which  was  a 
signal  to  subjects  that  the  item  would  be  worth  money  on  a remote  re- 
tention test.  The  retention  measure  was  frequency  judgment,  and  it 
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was  found  that  repeated  pictures  for  which  the  tone  accompanied  P2  were 
judged  to  have  a higher  mean  frequency  of  occurrence  than  repeated  pic- 
tures with  no  tone  at  P2.  The  improvement  in  retention  under  the  tone 
condition  occurred  at  all  lags,  the  major  result  being  that  the  tone 
manipulation  shifted  the  whole  lag  function  toward  a higher  mean  fre- 
quency judgment  with  virtually  no  effect  on  the  shape  of  the  lag  function. 
Elmes  et  al.  (1973)  employed  a design  in  which  MP  and  DP  of  repeated 
words  was  varied  between  lists.  Some  lists  were  presented  in  the  visual 
mode  and  others  in  the  auditory  mode,  but  the  critical  manipulation  was 
that  P2  of  some  repeated  words  was  isolated  by  being  presented  in  a 
distinctive  way,  a distinctive  voice  in  auditory  lists  or  distinctive 
letters  in  visual  lists.  The  major  important  finding  was  that  isolation 
of  P2  produced  overall  better  recall  of  repeated  words,  but  the  distri- 
bution effect  was  not  attenuated  at  all. 

Forcing  greater  attention  to  repetitions  via  instructions,  incen- 
tives, or  isolation  of  the  physical  attributes  of  a stimulus  enhances 
the  repetition  effect  but  does  not  influence  the  effects  on  the  spacing 
of  repetitions.  The  results  of  the  present  experiment  extend  these 
findings  to  include  event  uncertainty  as  an  attentional  factor  which 
manifests  itself  only  in  the  overall  effectiveness  of  repetition.  Ap- 
parently, the  effects  of  repetition  and  spacing  are  at  least  partially 
independent . 

Recall  probability  for  IP'  words  showed  a marked  reciprocal  re- 
lation to  the  distribtuion  effect  found  for  the  recall  of  2P  words; 
however,  unlike  the  findings  of  Elmes  et  al.  (1972) , there  was  an  up- 
turn in  recall  for  IP'  words  at  the  longest  lag.  Although  Elmes  et 
al.  (1972)  found  that  recall  for  words  immediately  following  repetitions 
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was  inversely  related  to  lag  (lags  of  0,  3,  and  10  were  used),  their 
data  showed  that  the  decrease  in  recall  between  Lag  3 and  Lag  10  was 
minimal  compared  to  the  large  decrease  found  between  Lag  0 and  Lag  3. 
There  were  several  methodological  differences  between  the  Elmes  et  al. 
(1972)  study  and  the  present  experiment,  but  none  of  these  offer  any 
obvious  account  for  the  discrepancy  in  recall  performance  at  long  lags. 

In  addition,  it  is  doubtful  that  this  discrepancy  was  due  to  an  arti- 
fact of  item  selection  in  the  present  experiment  since  there  was  no 
evidence  that  the  different  word  lists  influenced  the  results.  Despite 
the  disagreement  at  the  longest  lag,  the  observed  reciprocity  in  recall 
for  2P  and  IP'  words  in  conjunction  with  the  distribution  effect 
strengthens  the  hypothesis  that  a compensatory  allocation  of  spare  pro- 
cessing capacity  is  applied  to  stimuli  immediately  following  massed 
presentations . 

The  HR  results  revealed  several  important  findings.  First,  the 
HR  response  evoked  by  the  word  presentations  was  biphasic,  as  anticipated. 
The  initial  deceleratory  component  and  the  subsequent  linear  accelera- 
tion appeared  to  reflect  different  stages  in  the  processing  of  the 
stimulus  words:  attention  and  rehearsal,  respectively.  The  form  of 

the  HR  response  was  very  similar  to  that  found  in  an  experiment  by 
Tursky  et  al.  (1970)  , in  which  subjects  were  presented  a string  of 
digits  to  be  rehearsed  and  transformed.  During  the  period  of  presenta- 
tion of  the  digit  strings  there  was  a marked  HR  deceleration,  indica- 
tive of  attentional  processes.  A linear  increase  in  HR  followed  as 
the  digits  were  rehearsed. 

Second,  contrary  to  predictions,  the  enhanced  recall  as  a function 
of  lag  was  not  accompanied  by  corresponding  HR  changes.  The  magnitude 
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of  HR  deceleration  evoked  by  P2  remained  constant  across  lag  conditions. 
However,  the  response  to  P2  was  larger  than  to  PI,  a finding  which  ap- 
pears to  be  consistent  with  the  enhanced  repetition  effect  evident  in 
the  recall  for  2P  words.  Since  the  uncertainty  associated  with  the  oc- 
currence of  a repetition  apparently  influenced  the  recall  of  2P  words 
via  increased  attention  to  repetitions,  it  is  reasonable  that  such  in- 
creases in  attention  would  have  an  effect  on  the  HR  response.  Uncer- 
tainty and  novelty  are  fundamental  to  the  elicitation  of  orienting 
(Sokolov,  1963),  and  this  response  is  frequently  accompanied  by  a robust 
HR  deceleration  (Graham  & Clifton,  1966).  Thus,  increased  attention  or 
the  elicitation  of  the  orienting  response  as  a result  of  uncertainty 
may  have  obscured  any  HR-indexed  differential  processing  of  P2  presenta- 
tions . 

Third,  HR  responses  to  IP'  did  vary  as  a function  of  lag  and  com- 
plemented the  recall  for  IP'  words.  The  larger  HR  deceleration  to  IP’ 
presentations  at  Lag  0 than  at  either  Lag  4 or  Lag  8 was  coincident 
with  the  greater  overall  recall  probability  for  IP’  words  at  Lag  0.  In 
fact,  recall  probability  for  IP'  words  was  directly  related  to  the  mag- 
nitude of  HR  deceleration  evoked  by  IP'  at  each  lag.  The  only  explana- 
tion for  these  results  is  that  some  differential  attentional  capacity 
was  devoted  to  P2  presentations  as  a function  of  lag.  Differences  in 
attention  to  P2  were  reflected  in  the  recall  probability  for  repeated 
words  but  not  in  the  P2-evoked  HR  response  for  reasons  already  mentioned. 
Reciprocal  allocations  of  spare  attentional  capacity  to  IP'  as  a function 
of  distribution  were  evident  both  in  the  recall  for  IP'  words  and  in 
the  magnitude  of  HR  deceleration  to  IP'  since  the  HR  response  to  these 
presentations  was  not  directly  affected  by  isolation  or  strong  uncer- 
tainty effects. 


32 


The  results  of  Experiment  1 have  shown  that  attentional  processes 
are  related  to  the  effects  of  repetition  and  distribution  on  memory. 

The  ability  of  the  HR  response  to  reveal  variations  in  attention  to 
stimuli  in  a basic  memory  task  as  well  as  to  differentiate  attentional 
and  rehearsal  processes  was  most  encouraging.  The  relationship  between 
attentional  processes  and  repetition  and  distribution  effects  could  be 
clarified  by  measuring  recall  and  HR  in  a paradigm  which  minimizes  the 
isolation  or  uncertainty  of  repetitions.  This  was  the  basic  rationale 
behind  the  second  experiment. 


EXPERIMENT  2 


The  second  experiment  employed  a between-list  manipulation  of  dis- 
tribution (MP  vs.  DP).  in  addition,  a patterned  scheduling  of  repeti- 
tions under  each  distribution  condition  was  incorporated  in  an  attempt  to 
further  reduce  the  uncertainty  associated  with  the  occurrence  of  P2.  It 
was  predicted  that  by  reducing  uncertainty,  differences  in  attention  to 
P2  as  a function  of  the  proximity  of  PI  would  become  apparent.  The  ex- 
perimental design  also  allowed  for  the  replication  of  the  previously 
demonstrated  relationship  between  recall  and  HR  deceleration  for  IP’ 
presentations . 

The  occurrence  of  a larger  HR  deceleration  to  P2  under  distributed 
than  under  massed  presentation  conditions,  if  accompanied  by  a corre- 
sponding difference  in  recall  for  repeated  words,  would  provide  strong 
evidence  for  an  attentional  explanation  of  distribution  and  spacing 
effects.  If  recall  and  HR  deceleration  for  IP'  presentations  were 
found  to  be  inversely  related  to  distribution,  as  in  Experiment  1, 
then  this  would  strengthen  the  position  that  compensatory  allocations 
of  attentional  capacity  to  nearby  stimuli  are  a consequence  of  the  dif- 
ferential processing  of  repetitions.  An  additional  measure  of  phasic 
arousal,  the  skin  resistance  response,  was  recorded  to  provide  sup- 
plementary data  relevant  to  the  processing  of  repeated  stimuli. 
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Method 


Sub  j ects 

Five  males  and  seven  females  were  drawn  from  the  same  source  and 
satisfied  the  same  criteria  required  in  the  first  experiment.  Subjects 
ranged  in  age  from  17  to  21  years  with  a mean  of  19.8  years.  Three  ad- 
ditional subjects  were  replaced:  one  for  an  unusually  high  basal  skin 

resistance  level  outside  the  calibration  range  of  the  recording  equip- 
ment, one  for  failure  to  give  scoreable  skin  resistance  responses,  and 
one  due  to  experimenter  error. 

Stimulus  Lists  and  Design 

The  stimulus  words  were  the  same  as  those  used  in  Experiment  1. 
Each  word  list  (A  - B)  was  used  to  construct  two  lists  of  52  presenta- 
tion events  consisting  of  26  IP  words  and  13  2P  words.  The  two  presen- 
tation lists  differed  in  that  repetitions  were  massed  in  one  (lag  0) 
and  distributed  in  the  other  (lag  4) . This  yielded  a total  of  four 
presentation  lists:  one  MP  and  one  DP  list  for  each  set  of  words. 

Eight-event  primacy  and  recency  buffers  were  composed  of  four  IP 
words  and  two  2P  words.  The  buffers  were  not  included  in  any  data 
tabulations  of  analyses.  Within  each  36-event  functional  presentation 
list  were  9 IP  words  occupying  9 positions,  9 2P  words  occupying  18 
positions  (9  PI  and  9 P2  presentations) , and  9 IP'  words  occupying  the 
9 positions  immediately  after  each  repetition.  The  MP  and  DP  lists 
constructed  from  the  same  set  of  words  were  isomorphic  with  respect  to 
individual  IP,  2P,  and  IP'  items. 
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There  was  a patterned  scheduling  of  repetitions  for  each  distri- 
bution condition.  The  pattern  was  continuous  throughout  both  the  buf- 
fers and  the  functional  presentation  list  and  always  began  with  the 
occurrence  of  the  first  repetition.  For  the  MP  lists,  every  fourth 
presentation  event  was  a repetition.  The  pattern  was  somewhat  more  com- 
plex for  the  DP  lists  in  that  repetitions  alternated  between  every  third 
and  fourth  presentation  event.  The  average  serial  positions  of  each 
type  of  presentation  within  the  functional  MP  lists  were:  1P=28.0, 

2P=26 . 0 , and  1P'=27.0.  For  the  functional  DP  lists  these  were  23.7, 
28.8,  and  29.8,  respectively.  The  conditional  probability  of  any  given 
word  being  repeated  was  .33  for  all  lists.  While  this  represents  only 
a small  increase  in  probability  over  that  in  Experiment  1 (.21),  mani- 
pulating distribution  between  lists  and  the  highly  predictable  ordering 
of  repetitions  resulted  in  a considerable  reduction  of  event  uncer- 
tainty within  the  paradigm. 

Subjects  were  each  presented  and  subsequently  recalled  one  MP 
and  one  DP  list.  The  ordering  of  distribution  conditions  (MP  - DP)  and 
the  ordering  of  words  lists  (A  - B)  were  both  counterbalanced  across 
the  12  subjects.  Thus,  the  effects  associated  with  the  two  counter- 
balanced orderings  constituted  two  crossed,  between-sub j ects  factors. 
Distribution  was  a within-subj ects  factor,  and  presentation  type  varied 
within  both  MP-DP  lists  and  subjects. 

Apparatus 

The  appartus  was  essentially  the  same  as  that  used  in  the  first 
experiment,  with  the  addition  of  components  required  for  the  electro- 
dermal  measure.  Skin  resistance  was  monitored  via  Beckman  Biopotential 
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electrodes  (Ag-AgCl,  effective  diameter=.62  cm)  in  a bipolar  configura- 
tion: the  two  active  sites  being  located  on  the  volar  survace  of  the 
middle  segment  of  the  index  and  middle  fingers.  These  sites  were 
cleansed  with  alcohol,  masked  with  Beckman  double-faced  adhesive  col- 
lars, and  after  the  electrodes  were  positioned,  the  entire  preparation 
was  very  loosely  bound  with  micropore  tape.  The  electrode  medium  was 
Johnson's  K-Y  surgical  jelly,  a compound  in  which  the  conducting  electro- 
lyte is  NaCl  in  a concentration  approximately  that  of  human  sweat  (Edel- 
berg,  1967) . A constant  current  was  imposed  through  the  electrodes  by 
a Beckman  Type  9842  GSR  coupler  adjusted  to  provide  a current  density 
of  84 A/ cm  . The  coupler  provided  parallel  directly-coupled  output 
voltages  to  adjacent  channels  of  the  Beckman  polygraph.  One  channel 
was  used  for  the  basal  skin  resistance  recording,  and  the  other,  set 
for  a higher  sensitivity  and  3-sec  time  constant,  processed  and  ampli- 
fied the  phasic  response.  Both  the  basal  skin  resistance  level  and 
the  phasic  response  were  recorded  on  the  paper  records  provided  by 
the  polygraph. 

Procedures 

The  general  procedures  from  Experiment  1 required  only  slight 
modification  to  accommodate  the  second  experiment.  These  changes  were 
related  to  the  addition  of  the  skin  resistance  measure  and  to  the  pat- 
terned ordering  of  repetitions  within  the  presentation  lists.  In- 
structions to  subjects  were  modified  to  include  the  following:  (a) 

subjects  were  told  that  electrodes  would  be  attached  to  two  fingers 
of  their  non-preferred  hand;  (b)  additional  emphasis  was  placed  on  the 
restriction  of  movements  during  the  list  presentations,  and  subjects 
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were  especially  cautioned  about  the  flexing  or  tapping  of  those  fingers 
to  which  the  skin  resistance  electrodes  were  attached;  (c)  the  patterns 
of  repetition  for  the  MP  and  DP  lists  were  carefully  explained  to  each 
subject  just  prior  to  the  respective  list  presentation. 


Data  Analyses 

Recall  scores  were  based  on  the  proportion  of  words  correctly  re 
called  for  each  presentation  type  within  the  functional  MP  and  DP 
lists.  This  proportion  was  based  on  nine  words  for  IP,  2P , and  IP' 
presentations  under  each  distribution  condition. 

As  in  the  first  experiment,  6 sec  of  HR  were  obtained  for  each 
of  the  36  presentation  events  within  the  functional  lists.  However, 
there  were  three  major  differences  in  the  HR  analyses  for  the  present 
experiment.  First,  the  between-list  manipulation  of  distribution  per- 
mitted the  HR  responses  to  IP  presentations  to  be  included  in  the  data 
analyses,  an  obvious  advantage  being  that  HR  responses  to  singly 
presented  words  and  PI  of  repeated  words  could  be  directly  compared. 
Second,  in  some  analyses  the  change  in  cardiac  responses  across  trial 
blocks  was  examined.  For  these  cases,  the  responses  to  each  presenta- 
tion type  were  formed  into  three  blocks  of  three  trials  each.  Third, 
and  most  important,  was  that  the  HR  response  was  broken  down  into  two 
components  which  were  separately  analyzed:  the  attention-related 

change  in  HR  between  the  prestimulus  second  and  first  poststimulus 
second,  and  the  rehearsal-related  HR  trend  across  the  five  poststimulus 
seconds.  In  addition,  prestimulus  HR  levels  were  also  analyzed  to 
determine  if  any  initial  level  effects  influenced  the  subsequent  re- 


sponse. 
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Skin  resistance'  levels  and  responses  were  read  from  the  paper 
polygraph  records  in  millimeters  and  converted  to  kilohms.  Base  levels 
were  taken  as  that  reading  prevailing  at  the  time  of  stimulus  onset. 
Phasic  responses  were  scored  as  the  first  downward  pen  deflection  be- 
between  1 and  4 sec  after  stimulus  onset.  In  the  case  of  com- 
pound responses,  the  scoring  conventions  recommended  by  Edelberg  (1967) 
were  adopted.  Both  measures  were  rounded  to  the  nearest  half  millimeter 
and  were  scored  blindly  with  respect  to  experimental  manipulations. 
Subsequently,  the  basal  and  phasic  resistance  measures  were  respectively 
transformed  into  skin  conductance  level  and  skin  conductance  change 
(i.e.,  skin  conductance  response,  SCR).  The  switch  to  conductance 
units  (<onhos)  was  made  since  there  is  considerable  physiological  and 
statistical  justification  for  use  of  the  latter  scale  (Edelberg,  1967). 

Skin  conductance  levels  and  SCRs  for  each  presentation  type 
within  the  functional  lists  were  formed  into  trial  blocks  in  a manner 
analogous  to  the  treatment  of  the  HR  data.  This  allowed  for  the  analy- 
sis of  changes  in  the  SCR  across  trial  blocks  and  also  tended  to  mini- 
mize the  number  of  zero  data  points.  Response  scores  were  not  adjusted 
for  initial  level  since  the  pooled  linear  coefficient  for  the  regres- 
sion of  the  SCR  on  skin  conductance  level  (.01)  accounted  for  only 
about  5%  of  the  variance  in  the  SCR.  No  substantial  initial  level 
effects  were  expected  because  the  conversion  from  resistance  to  con- 
ductance change  contains  a built-in  correction  for  base-level  resis- 
tance (Edelberg,  1967).  Minimal  relationships  between  initial  level 
and  the  SCR  have  been  previously  reported  (e.g.,  Jackson,  1974;  Lacey  & 
Siegel,  1949)  and  were  not  investigated  further  in  the  present  paper. 
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Results 


Recall 

The  probabilities  of  recall  for  IP,  2P,  and  IP'  words  as  a func- 
tion of  distribution  are  presented  graphically  in  Figure  4.  A prominent 
effect  of  distribution  is  evident  in  the  recall  for  both  2P  and  IP' 
words.  Recall  for  2P  words  was  much  higher  under  the  distributed  than 
under  the  massed  distribution  condition.  The  relationship  between  re- 
call and  distribution  was  reversed  for  IP'  words,  although  the  magni- 
tude of  the  effect  was  smaller.  Recall  for  IP  words  showed  little  varia- 
tion as  a function  of  distribution. 

An  analysis  of  recall  scores  (Appendix  D,  Table  5)  revealed  a sig- 
nificant main  effect  of  presentation  type  [F(2 ,16)=3.69,  _p.  < . 05  ] and 
a.  significant  distribution  condition  x presentation  type  interaction, 

_F(2 , 16) -12 . 90 , <(.001.  A Duncan  Test  on  the  main  effect  of  presenta- 

tion type  indicated  a reliable  difference  in  recall  only  between  IP  and 
2P  words  (_£  <.05),  and  this  was  primarily  due  to  the  high  probability 
of  recall  for  2P  words  in  the  distributed  presentation  condition.  Ad- 
ditional  pairwise  comparisons  on  the  interaction  between  distribution 
condition  and  presentation  type  disclosed  significantly  greater  recall 
for  2P  words  under  the  DP  condition  than  for  any  other  factorial  combi- 
nation (jd  ^ .05)  . Recall  for  IP'  words  in  the  massed  condition  was 
significantly  greater  than  that  for  IP  or  IP'  words  under  the  distributed 
condition  (jd  < .05).  The  finding  of  primary  interest,  of  course,  was 
that  distribution  had  opposite  and  reliable  effects  on  the  probability 
of  recall  for  2P  and  IP'  words. 
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It  may  be  noted  from  Table  5 that  a high-order  interaction  involv- 
ing the  condition  order  and  list  order  factors  was  statistically  sig- 
nificant [_F(2,16)=6. 71,  £ <-01],  and  probably  reflected  some  complex 
combination  of  subject  and  item  effects.  However,  this  source  of  vari- 
ance cannot  account  for  the  main  results  of  the  experiment. 

Heart  Rate 

The  HR  responses  evoked  by  all  presentation  types  as  a function 
of  distribution  condition  are  illustrated  in  Figure  5.  Each  curve  is 
the  average  of  108  individual  curves,  9 per  subject.  While  the  re- 
sults of  principal  interest  were  examined  by  means  of  planned  compari- 
sons, the  complete  HR  analyses  can  be  found  in  Appendix  E (Tables  6-8). 

As  in  Experiment  1,  the  cardiac  responses  were  predominantly  bi- 
phasic;  however,  the  initial  deceleratory  component  was  significantly 
altered  or  eliminated  in  several  instances.  The  change  in  HR  between 
the  prestimulus  second  and  first  poststimulus  second  was  differen- 
tially affected  by  distribution  in  the  case  of  P2  and  IP'  presentations 
(see  Figure  5,  center  and  right-hand  panels).  For  the  P2  comparison, 
the  tendency  for  an  initial  HR  deceleration  to  occur  under  the  dis- 
tributed but  not  under  the  massed  condition  was  significant,  (F(l,  10)  =9 . 89  , 
£ <(.05).  The  presence  of  a P1-P2  x distribution  condition  interaction 
[_F(1 , 10)  =5 . 2 , j3  <(.05]  further  reflected  the  difference  in  the  initial 
P2  response  component  as  a function  of  distribution. 

Distribution  had  a reversed  effect  on  the  IP'  responses 
in  that  deceleration  occurred  only  in  the  MP  condition,  F^(l,10)= 

8.06,  MSE= . 30 , ^ <(.05.  There  were  no  effects  of  distribu- 
tion on  the  deceleratory  response  component  to  either  IP  or  PI 
presentations  nor  were  there  any  differences  between  the  IP 
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and  PI  responses  (all  Fs  < 1) . An  additional  point  of  interest  is  that 
the  rehearsal-related  change  in  HR  across  the  five  poststimulus  seconds 
was  highly  significant  [seconds  _F(4,40)=16 .60,  £ <.001;  linear  seconds 
( 1 , 10)  =29 . 24,  _g.  <-001;  see  Table  6],  but  no  comparisons  involving 
this  component  of  the  HR  response  approached  statistical  significance. 

Heart  rate  responses  to  the  four  presentation  types  were  also 
analyzed  separately  within  each  distribution  condition.  For  the  MP 
condition,  the  only  significant  comparison  was  between  P2  and  IP'  in 
the  initial  response  component,  F(l,10)=8.91,  £ <.05.  Accordingly, 
analysis  of  the  DP  condition  revealed  only  a marginally  significant 
P2-1P'  comparison  for  HR  change  between  the  prestimulus  second  and  first 
poststimulus  second,  _F(1 , 10)=3 . 83 , MSE=2 . 41,  £ <.10.  No  other  com- 
parisons for  either  distribution  condition  were  reliable.  In  addition, 
there  was  no  indication  that  the  HR  response  to  any  presentation  type 
changed  across  the  three  trial  blocks  (see  Tables  7 and  8) . 

Differential  cardiac  responses  to  P2  and  IP'  presentations  were 
not  attributable  to  differences  in  prestimulus  HR  levels.  An  analysis 
of  cardiac  rates  in  the  prestimulus  second  (Table  6)  disclosed  no  dif- 
ferences between  the  eight  presentation  type  x distribution  condition 
combinations  (F  < 1) . There  was,  however,  some  interaction  with  the 
between  subjects  factor  of  condition  order  [_F(7 , 70)  =5 . 88 , £ <.01], 
but  this  was  primarily  due  to  differences  in  prestimulus  HR  levels  be- 
tween the  two  groups  of  subjects. 

Skin  Conductance 

Average  SCR  amplitudes  as  a function  of  presentation  type  and 
distribution  condition  are  graphically  presented  in  Figure  6. 
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Figure  6.  Experiment  2:  Mean  skin  conductance  change  in  micromhos  following  stimulus  presentation. 

represent  responses  to  single  presentation  words  (IP),  first  (PI)  and  second  (P2)  presentat 
of  repeated  words,  and  single  presentation  words  immediately  following  repetitions  (IP')  as 
function  of  distribution  condition  (MP  - DP). 
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Distribution  had  a pronounced  effect  on  the  amplitude  of  P2-evoked 
responses:  The  responses  to  P2  under  the  massed  condition  were  markedly 

smaller  than  those  for  the  distributed  condition.  For  the  IP'  presenta- 
tions, response  amplitude  was  higher  under  the  MP  condition  than  under 
the  DP  condition.  Skin  conductance  response  amplitude  for  IP  and  PI 
presentations  showed  little  variation  as  a function  of  distribution. 

To  determine  the  reliability  of  these  effects,  an  analysis  of 
the  variance  in  SCR  scores  was  performed  (Appendix  F,  Table  9).  The 
interaction  between  presentation  type  and  distribution  condition  was 
significant  [_F(3,24)=5 . 86  , £ < .01]  and  was  subsequently  analyzed  via 
a Duncan  Test.  Pairwise  comparisons  revealed  that  within  the  massed 
condition  the  P2  response  was  smaller  than  either  the  PI  or  IP'  re- 
sponses (jd  .05)  . Additionally,  the  P2-DP  response  was  reliably  larger 
than  the  P2-MP  response  (j>  <[  .05).  The  presence  of  a marginally  sig- 
nificant trial  blocks  effect  [,F(2 , 16)  =3 . 39  , < . 10  ] reflected  a slight 

tendency  for  SCR  amplitude  to  decrease  across  the  list  presentation; 
however,  no  interactions  of  the  trial  blocks  effect  with  either  presen- 
tation type  or ■ distribution  condition  approached  significance. 

The  major  important  finding  was  that  SCR  amplitude  for  P2  presen- 
tations was  reliably  affected  by  the  distribution  between  repetitions. 
Although  the  effect  of  distribution  on  IP'  response  amplitude  was  not 
significant,  the  fact  that  IP'  responses  were  larger  under  the  massed 
than  under  the  distribution  condition  is  clearly  in  accord  with  the 
predicted  outcome  of  the  experiment.  Thus,  the  skin  conductance  re- 
sults are  in  good  agreement  with  both  the  HR  and  recall  data. 

From  Table  9 , it  may  be  noted  that  two  additional  interactions 
achieved  statistical  significance.  The  first  was  the  interaction  of 
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condition  order  and  distribution  condition  [_F(1,8)=7 . 75,  £ <.05],  and 
the  second  involved  the  combination  of  list  order  and  presentation  type, 
.F(3, 24)=4. 28 , £ <^.05.  Pairwise  comparisons  between  the  means  for  the 
first  interaction  produced  no  significant  differences,  a situation 
suggesting  that  some  linear  combination  of  the  means  was  responsible 
for  the  overall  significant  effect  (Kirk,  1968) . The  list  order  x 
presentation  type  interaction  was  primarily  due  to  differences  in  the 
overall  responsiveness  between  the  two  groups  of  subjects  comprising 
the  list  order  factor,  since  only  one  mean  violated  this  pattern. 

The  major  skin  conductance  results  were  not  attributable  to  either  of 
these  sources  of  variance. 


Discussion 

The  results  of  Experiment  2 were  clear--distribution  had  pro- 
nounced effects  on  the  long-term  recall  for  repeated  words  and  words  im- 
mediately following  repetitions,  and  these  effects  were  apparently  re- 
lated to  concomitant,  systematic  variations  in  both  the  cardiac  and 
skin  conductance  responses. 

Recall  probability  for  repeated  words  in  the  DP  condition  was  at 
a level  approximating  that  which  would  be  expected  from  two  independent 
presentations  (Waugh,  1963) . In  contrast,  massed  presentation  of  re- 
petitions resulted  in  no  improvement  in  the  recall  for  repeated  words 
over  singly  presented  words.  Subjects  obviously  derived  very  little 
benefit  from  seeing  an  item  twice  under  the  MP  schedule.  Underwood 
(1969)  reported  quite  similar  findings  using  comparable  stimulus  ma- 
terials and  a between-list  manipulation  of  distribution.  He  proposed, 
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as  one  explanation  of  the  distribution  effect,  that  subjects  do  not  at- 
tend to  or  rehearse  P2  effectively  when  repetitions  are  massed. 

Distribution  had  a reciprocal  effect  on  the  probability  of  recall 
for  words  immediately  following  repetitions.  Recall  for  IP'  words  in 
the  MP  condition  was  greater  than  recall  for  IP'  words  in  the  DP  condi- 
tion. This  finding  is  in  accord  with  both  the  results  of  Experiment  1 
and  those  of  Elmes  et  al.  (1972).  The  claim  that  allocations  of  spare 
processing  capacity,  modulated  by  the  variable  processing  demands  for 
repeated  stimuli,  are  responsible  for  this  effect  is  worthy  of  serious 
consideration.  The  psychophysiological  data  did,  in  fact,  support 
this  contention. 

In  the  present  experiment  the  uncertainty  associated  with  the  oc- 
currence of  a repetition  was  reduced,  and  the  overall  facilitory  effects 
of  stimulus  isolation  on  recall  and  HR  deceleration  were  apparently 
eliminated.  As  a result,  differential  processing  of  both  P2  and  IP' 
presentations  as  a function  of  distribution  was  evident  in  the  cardiac 
responses.  Moreover,  these  differences  were  manifested  primarily  in  the 
decelerative  component  of  the  response,  indicative  of  a change  in  atten- 
tion to  external  events.  In  this  respect  the  changes  in  the  HR  response 
were  similar  to  those  observed  in  the  first  experiment.  There  was  a 
marked  cardiac  deceleration  to  P2  under  the  distributed  schedule;  how- 
ever , the  P2-evoked  response  when  PI  and  P2  were  presented  successively 
consisted  only  of  a linear  acceleration.  Since  the  HR  response  in  this 
task  is  multiply  determined  by  an  attention- related  tendency  toward 
deceleration  and  a rehearsal-related  tendency  toward  acceleration,  this 
latter  result  is  indicative  of  a lack  of  attention  to  P2  when  repeti- 


tions are  massed. 
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The  IP’  cardiac  response  showed  a reversed  effect  of  distribution: 
a relatively  large  cardiac  deceleration  to  IP'  under  the  massed  condi- 
tion and  only  an  accelerative  response  when  repetitions  were  distributed. 
The  reciprocal  relationship  between  the  P2  and  IP'  responses  strongly 
supports  the  spare  capacity  explanation  for  the  effects  of  distribution 
on  stimuli  immediately  following  repetitions.  As  such,  the  pattern  of 
of  HR  results  found  in  the  present  experiment  precisely  fit  the  predic- 
tions of  an  attentional  explanation  of  distribution  and  spacing  effects. 

The  results  for  the  SCR  were  the  image  of  those  for  the  cardiac 
response.  Differential  processing  of  P2  presentations  was  evident. 

The  effect  of  distribution  on  the  IP '-evoked  SCRs  was  in  the  expected 
direction  in  that  IP'  response  amplitude  was  greater  for  the  massed 
than  for  the  distributed  presentation  condition;  however,  this  differ- 
ence was  not  statistically  reliable. 

One  curious  phenomenon  which  appeared  in  both  the  cardiac  and  skin 
conductance  data  was  the  tendency  for  the  P2  response  under  the  dis- 
tributed presentation  schedule  to  be  larger  than  the  PI  response.  Al- 
though this  tendency  was  not  statistically  significant  for  either  re- 
sponse measure,  it  demands  at  least  some  attempt  at  explanation.  One 
possibility  is  that  the  pattern  of  repetitions  in  the  DP  condition  pro- 
duced enough  event  uncertainty  to  cause  a repetition  effect  similar  to 
that  found  in  Experiment  1.  This  seems  unlikely,  however,  since  the 
pattern  of  repetition  in  the  DP  condition  was  only  slightly  more  complex 
than  the  MP  pattern,  and  both  patterns  were  carefully  explained  to  sub- 
jects just  prior  to  the  list  presentation.  Another  possible  explana- 
tion is  based  on  the  fact  that  in  the  DP  condition  (i.e.  , a lag  of 
four  intervening  items)  a repetition  occurred  after  a number  of 
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-intervening  items  which  is  close  to  the  capacity  of  STM  (e.g.,  Craik, 
1971,  Murdock,  1967) . This  situation  could  have  resulted  in  a greater 
ambiguity  or  uncertainty  associated  with  the  recognition  of  P2  as  a 
repetition  and  therefore  may  have  required  more  attentional  capacity. 

At  the  extremes  of  distribution,  a massed  schedule  and  a distributed 
schedule  with  a greater  lag  between  repetitions,  the  identification  of 
a repetition  would  be  highly  probable  in  the  first  case  while  in  the 
latter  case  a repetition  would  become  increasingly  more  like  a single 
presentation  event.  Such  an  explanation  seems  consonant  with  the  U- 
shaped  lag  function  for  the  recall  of  IP'  words  and  IP '-evoked  cardiac 
deceleration  found  in  Experiment  1. 

The  critical  question  as  to  whether  the  second  presentation  of 
a repeated  item  is  deficiently  processed  when  repetitions  are  massed 
was  unequivocally  answered  in  the  affirmative.  Recall  for  repeated 
words  under  the  MP  schedule  was  no  better  than  for  single  words.  The 
HR  response  to  both  IP  and  PI  presentations  consisted  of  the  familiar 
biphasic  pattern;  however,  the  response  to  P2  under  the  massed  schedule 
was  solely  accelerative.  In  addition,  the  SCR  to  P2  was  markedly  and 
reliably  smaller  in  amplitude  than  either  the  IP  or  PI  response.  An 
interesting  bit  of  supportive  evidence  has  been  provided  by  Posner, 
Buggie,  and  Summers  (1971)  using  a letter-matching  task.  These  re- 
searchers have  found  that  components  of  the  vertex  evoked  potential 
occurring  from  200-250  msec  after  the  second  letter  is  presented  were 
reduced  in  amplitude  when  that  letter  was  a repetition.  Since  there 
is  considerable  data  indicating  that  these  late  components  of  the  ver- 
tex evoked  potential  are  related  to  selective  attention  (e.g.,  Donchin  & 
Cohen,  1967;  Smith,  Donchin,  Cohen,  & Starr,  1970),  the  findings  of 
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Posner  et  al.  (1971)  are  complementary  to  the  results  of  the  present 
experiment . 

Several  additional  points  relevant  to  the  cardiac  and  skin  con- 
ductance data  are  worthy  of  mention.  The  failure  of  the  P1-P2  differ- 
ence for  the  initial  HR  response  component  to  achieve  statistical  sig- 
nificance is  probably  attributable  to  the  inherent  complexity  and  as- 
sociated variability  of  the  cardiac  response  (Graham,  1973;  Kahneman, 
1973).  Perhaps  increasing  the  number  of  subjects  or  trials  would  have 
resulted  in  greater  reliability.  In  contrast,  exosomatic  electrodermal 
responses  are  simpler,  unidirectional  changes  (e.g. , Edelberg,  1967) 
and  do  not  reflect  the  differences  between  external  and  internal  proces- 
sing (Kahneman,  1973;  Lacey  et  al.,  1963).  The  SCRs  in  the  present 
experiment  may  thus  be  viewed  as  an  undifferentiated  index  of  processing 
capacity.  However,  given  that  the  HR  changes  in  the  present  experi- 
ments occurred  only  in  the  initial  attention-related  component  and  the 
Tursky  et  al.  (1970)  finding  that  skin  conductance  was  not  particularly 
sensitive  to  maintenance  rehearsal,  it  is  suggested  that  variations 
in  SCR  amplitude  were  primarily  reflecting  changes  in  attentional 
processes. 

The  present  experiment  has  provided  supportive  evidence  for  the 
following  propositions  regarding  the  effects  of  distribution  and  spac- 
ing on  memory:  (a)  the  locus  of  differential  processing  of  repeated 

stimuli  is  at  the  second  presentation  of  the  stimulus;  (b)  under  condi- 
tions of  massed  presentation  a repeated  stimulus  is  deficiently  pro- 
cessed such  that  LTM  for  that  stimulus  derives  little  or  no  benefit 
from  the  repetition;  (c)  compensatory  allocations  of  spare  or  left- 
over processing  capacity  are  applied  to  stimuli  immediately  following 
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-repetitions,  and  therefore  LTM  for  these  stimuli  depends  upon  the  amount 
of  processing  capacity  required  by  the  preceeding  repetition;  (d)  dif- 
ferential processing  involves  variations  in  the  amount  of  attention 
devoted  to  a stimulus. 

As  noted  earlier  in  this  paper,  differences  in  the  amount  of  re- 
hearsal an  individual  stimulus  receives  would  probably  not  be  detectable 
in  the  present  studies.  It  was  also  suggested  that  differential  re- 
hearsal of  repetitions  and  the  stimuli  immediately  following  was  a pos- 
sible and  perhaps  probable  consequence  of  distribution  and  spacing  ef- 
fects, and  that  attention-related  and  rehearsal-related  variations  in 
processing  were  complementary  rather  than  antagonistic  explanations 
of  the  same  phenomena.  In  all  fairness  to  consolidation  and  rehearsal 
theories  which  predict  that  the  presentation  of  P2  disrupts  the  memory 
consolidation  or  rehearsal  of  PI,  it  must  be  admitted  that  although 
there  is  little  evidence  to  support  such  disruptions  as  a cause  of  poor 
LTM  for  closely  spaced  repeated  stimuli,  they  too  would  not  be  dis- 
cernible within  the  present  experiments. 

A basic  question  about  the  parameters  which  determine  the  effec- 
tiveness of  repetition  remains  to  be  answered.  This  question  concerns 
whether  differential  processing  of  repetitions  is  primarily  a function 
of  the  time  or  the  number  of  intervening  items  between  PI  and  P2 . 

Hintzman  (1974,  1976)  has  suggested  that  the  time  between  presentations 
appears  to  be  the  critical  parameter.  To  support  this  claim,  he  has 
argued  that  the  most  consistent  finding  across  paradigms,  retention 
tests,  and  stimulus  materials  is  that  LTM  for  repeated  stimuli  increases 
as  the  time  between  PI  and  P2  increases  up  to  approximately  15  sec  or  so. 
While  this  survey  of  previous  research  is  certainly  correct,  it  is  also 
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true  that  the  time  between  repetitions  has  almost  invariably  been  de- 
termined by  the  number  of  intervening  stimuli  and  the  presentation  rate 
(typically  presentation  rates  of  2-3  sec  per  item  have  been  employed). 
Thus,  previous  research  provides  little  data  to  differentiate  temporal 
effects  from  interference  or  displacement  effects. 

In  the  present  experiment,  LTM  for  repeated  words  under  a massed 
presentation  schedule  was  no  better  than  for  single  words  even  when 
10  sec  separated  PI  and  P2 . Additionally,  the  psychophysiological  data 
revealed  a lack  of  attention  to  P2  under  the  massed  schedule.  Underwood 
(1969)  reported  similar  results  with  a presentation  rate  of  5 sec  per 
item.  Perhaps  the  relative  importance  of  time  or  number  of  intervening 
stimuli  depends  on  the  type  of  stimulus  materials  used.  When  stimuli 
which  are  easily  rehearsed  are  used,  such  as  the  verbal  materials  in 
the  present  studies,  displacement  or  interference  may  place  a greater 
role  than  the  passage  of  time.  This  seems  consistent  with  the  Bjork 
and  Allen  (1970)  finding  that  interpolating  a difficult  task  between 
PI  and  P2  results  in  better  long-term  retention  of  repetitions.  The 
guiding  principle  may  be  similar  to  the  one  proposed  by  Glanzer  (1969, 
1972)  , which  basically  states  that  P2  will  not  be  entered  into  STM  if 
PI  is  still  in  that  state.  Thus,  the  greater  the  degree  of  displace- 
ment or  decay  of  PI  prior  to  the  occurrence  of  P2,  the  greater  the 
probability  that  P2  will  be  attended  to  and  receive  a full  measure  of 
processing  effort  with  the  ultimate  result  being  a facilitation  of  LTM. 
Easily  rehearsed  materials  can  be  maintained  in  STM  for  considerable 
periods  of  time,  and  therefore  displacement  of  or  interference  with 
the  PI  trace  may  be  the  critical  factor.  Of  course,  this  is  completely 
contradictory  to  the  consolidation  and  rehearsal  theories,  which  predict 
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that  disruptions  of  the  processing  of  PI  leads  to  poor  LTM  for  repeti- 
tions. In  addition,  there  is  some  evidence  that  the  spacing  effect  for 
the  long-term  retention  of  complex  visual  pictures,  stimuli  which  are 
not  rehearsed  (e.g.,  Shaffer  & Shiffrin,  1972),  is  primarily  a time- 
dependent  function  (Eintzman  & Rogers,  1973). 

Recent  advances  in  the  study  of  animal  memory  and  habituation  have 
provided  some  data  which  bear  a striking  resemblance  to  the  phenomena 
of  interest  in  this  paper.  In  a series  of  three  experiments,  Whitlow, 
1975)  explored  the  short-term  habituation  of  auditory-evoked  peripheral 
vasoconstriction  in  rabbits.  Pure  tone  stimuli  were  presented  in  pairs 
such  that  on  any  given  trial  the  first  and  second  members  of  the  pair 
were  either  the  same  or  different.  The  first  experiment  revealed  that 
when  the  two  stimuli  were  the  same,  there  was  a decrement  in  response 
to  the  second  stimulus.  The  magnitude  of  the  decrement  was  inversely 
related  to  the  temporal  spacing  between  the  two  stimuli  (30,  60,  or 
150  sec)  and  was  fully  recovered  by  150  sec.  No  decrement  at  any  de- 
gree of  spacing  was  found  when  the  two  stimuli  of  the  pair  were  differ- 
ent. In  the  second  and  third  experiments,  intervening  stimuli  were 
found  to  disrupt  the  stimulus-specific  response  decrement,  and  the  mag- 
nitude of  the  response  to  the  repeated  stimulus  was  a function  of  the 
number  of  intervening  stimuli  between  the  first  and  second  presenta- 
tions. These  findings  are  quite  similar  to  the  variations  in  the 
cardiac  and  electrodermal  responses  found  in  the  present  experiment. 

They  also  suggest  that  both  the  temporal  spacing  and  the  number  of 
intervening  stimuli  between  PI  and  P2  are  important  determinants  of  the 


response  to  P2. 
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Another  relevant  animal  study  by  Davis  (1970)  found  that  the 
habituation  of  the  acoustic  startle  response  in  the  rat  was  composed  of 
both  short-  and  long-term  components.  Short-term  response  decrements 
were  found  to  be  inversely  related  to  the  interval  between  stimulus 
presentations,  but  the  long-term  decrement  on  a remote  test  was  directly 
related  to  the  length  of  the  interval  used  during  training.  If  one 
identifies  the  response  decrements  found  in  the  Whitlow  (1975)  and 
Davis  (1970)  studies  with  decreased  processing  of  repetitions  as  a re- 
sult of  memory  for  the  stimulus,  then  animal  and  human  memory  processes 
would  appear  to  share  similar  operating  characteristics.  This  is  pre- 
cisely the  conclusion  reached  by  Wagner  (1976)  who  has  developed  a com- 
prehensive theory  of  habituation  based  upon  recent  models  of  human 
memory.  While  the  theory  will  not  be  discussed  in  detail  in  this  paper, 
it  is  worth  noting  that  it  shares  many  common  features  with  two-process 
memory  models  (e.g.,  Atkinson  & Shiffrin,  1968;  Glanzer  & Cunitz,  1966) 
in  which  the  decay  or  displacement  of  information  in  STM  plays  a criti- 
cal role. 

The  third  experiment  of  this  paper  was  designed  as  a first  step 
in  determining  the  extent  to  which  differential  processing  of  repeti- 
tions and  the  resulting  effects  on  long-term  retention  are  time  dependent, 
at  least  for  easily  rehearsed  verbal  materials.  A paradigm  analogous 
to  that  used  in  the  first  experiment  by  Whitlow  (1975)  was  employed. 


EXPERIMENT  3 


A modified  version  of  the  Whitlow  (1975)  paired-stimulus  para- 
digm was  used  in  the  third  experiment.  The  temporal  interval  between 
the  first  (PI)  and  second  (P2)  member  of  each  stimulus  pair  was  mani- 
pulated between  presentation  lists  (10  sec  vs.  20  sec).  For  any 
given  trial  there  was  an  equal  probability  that  PI  and  P2  were  either 
the  same  stimulus  or  two  different  stimuli. 

The  major  objective  behind  the  design  of  Experiment  3 was  the 
assessment  of  temporal  dependency  in  the  differential  processing  of 
repetitions.  The  longer  P1-P2  interval  of  20  sec  was  chosen  for 
several  reasons.  First,  Hintzman  (1974,  1976)  has  proposed  that  the 
spacing  function  asymptotes  at  about  15—20  sec,  suggesting  that  the 
processes  responsible  for  the  differential  processing  of  repetitions 
may  have  run  their  course  by  this  time.  Second,  a number  of  classic 
studies  on  the  temporal  decay  of  information  in  STM  (e.g.,  Murdock, 

1961;  Peterson  & Peterson,  1959;  Reitman,  1971,  1974)  have  indicated 
that  substantial  losses  of  information  from  STM  can  occur  within  20 
sec.  Although  the  issue  as  to  whether  such  losses  are  primarily  due 
to  decay,  displacement,  or  interference  has  not  been  completely  resolved, 
the  evidence  that  a simple  decay  over  time  is  at  least  partially  re- 
sponsible is  quite  strong.  Third,  it  was  judged  that  interpresenta- 
tion intervals  longer  than  20  sec  would  have  resulted  in  subjects  be- 
coming excessively  drowsy  during  the  list  presentations,  with 
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unpredictable  effects  on  recall  performance  and  psychophysiological 
responses.  If  the  differential  processing  of  repetitions  is  at  all 
dependent  on  the  time  between  PI  and  P2 , then  greater  recall  for  re- 
peated words  and  larger  P2-evoked  cardiac  decelerations  and  skin  con- 
ductance responses  should  occur  with  the  20-sec  P1-P2  interval. 

An  additional  benefit  of  the  experimental  design  was  the  allow- 
ance for  a partial  replication  of  Experiment  2,  in  which  a massed 
presentation  schedule  with  a 10-sec  interval  between  repetitions  was 
used.  Since  this  part  of  the  second  experiment  was  comparable  to  the 
10  sec  interval  condition  in  Experiment  3,  similar  findings  with  respect 
to  the  three  dependent  measures  would  strengthen  the  position  that  re- 
petitions are  deficiently  processed  when  they  are  successive  and 
separated  by  a relatively  short  period  of  time. 

The  stimulus  specificity  of  differential  psychophysiological 
responses  was  explored  by  comparing  responses  for  PI  and  P2  when  the 
two  stimuli  were  the  same  with  those  occurring  for  different  stimulus 

pairs.  The  efficiency  of  this  strategy  was  previously  demonstrated 
by  Whitlow  (1975). 


Method 

Sub  j ects 

Five  males  and  seven  females  were  drawn  from  the  same  source  and 
satisfied  the  same  selection  criteria  required  in  the  first  two  ex- 
periments. Subjects  ranged  in  age  from  18  to  29  with  a mean  of  20.4 
years.  Two  additional  subjects  who  became  drowsy  during  the  list 
presentations  were  replaced. 
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Stimulus  Lists  and  Design 

The  experimental  word  lists  (A  - B)  were  the  same  as  those  used 
in  the  previous  two  experiments.  Each  word  list  was  used  to  construct 
one  list  of  52  presentation  events  consisting  of  26  IP  words  and  13 
2P  words.  Eight-event  primacy  and  recency  buffers  were  composed  of 
four  IP  words  and  two  2P  words.  The  buffers  were  not  included  in  any 
data  tabulations  or  analyses.  Within  each  36-event  functional  presen- 
tation list  were  18  IP  words  occupying  18  positions  and  9 2P  words  oc- 
cupying the  additional  18  positions. 

Each  two  successive  presentation  events  constituted  a stimulus 
pair,  making  a total  of  26  pairs  per  list.  For  half  of  the  pairs,  PI 
and  P2  were  the  same  stimulus  word.  The  other  13  pairs  had  different 
stimulus  words  for  PI  and  P2.  Same  and  different  stimulus  pairs  were 
randomly  assigned  to  list  positions  within  each  52-event  presentation 
list:  Two  same  and  two  different  pairs  were  assigned  to  each  primacy 

and  recency  buffer,  and  nine  of  each  type  of  stimulus  pair  were  as- 
signed to  the  functional  presentation  lists. 

In  the  presentation  sequence  constructed  from  Word  List  A,  the 
average  serial  positions  of  IP  and  2P  words  (last  occurrence)  were  27.3 
and  26.2,  respectively.  The  respective  positions  for  the  Word  List  B 
presentation  sequence  were  27.1  and  26.4.  Unlike  the  first  two  ex- 
periments, the  probability  of  a repetition  is  most  appropriately  con- 
ceived on  the  basis  of  individual  stimulus  pairs  rather  than  the  total 
presentation  list.  Thus,  given  PI  of  any  stimulus  pair,  the  proba- 
bility that  P2  would  be  either  a repetition  or  a different  stimulus 
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Subjects  were  each  presented  and  subsequently  recalled  one  A list 
and  one  B list,  in  which  the  P1-P2  interval  was  either  10  sec  or  20  sec 
The  ordering  of  interval  conditions  (10  sec  - 20  sec)  and  the  ordering 
of  word  lists  (A  - B)  were  both  counterbalanced  across  the  12  subjects. 
Thus,  the  effects  associated  with  the  two  counterbalanced  orderings  con- 
stituted two  crossed,  between-subjects  factors.  Interval  condition  was 
a within-subjects  factor,  while  presentation  type  (PI  - P2)  and  same- 
different  stimulus  pair  varied  within  both  lists  and  subjects. 

Apparatus,  Procedures,  and  Data  Analyses 

The  apparatus  was  identical  to  that  used  in  Experiment  2;  how- 
ever, a number  of  procedural  changes  were  necessary  to  accommodate  the 
third  experiment.  First  the  timing  of  stimulus  presentations  was 
modified.  The  P1-P2  interval  was  either  10  sec  or  20  sec  depending  on 
the  interval  condition.  A constant  15-sec  inter-pair  interval  was 
always  in  effect  for  both  interval  conditions.  Second,  the  position 
of  stimulus  owrds  on  the  scope  display  was  arranged  to  cue  the  stimulus 
pairs:  PI  presentations  were  displayed  on  the  top  portion  of  the  scope 

face  while  P2  presentations  were  displayed  on  the  bottom.  Third,  in- 
structions to  subjects  were  modified  in  accord  with  the  procedural  and 
design  changes. 

The  basic  instructions  from  Experiments  1 and  2 were  altered  to 
include  the  following:  (a)  subjects  were  told  that  they  would  be 

presented  lists  of  word  pairs  with  the  first  word  of  each  pair  always 
appearing  at  the  top  of  the  display  and  the  second  word  always  appear- 
ing at  the  bottom  and  that  for  any  given  pair  there  was  a 50-50  chance 
that  the  first  and  second  words  would  be  either  the  same  or  different; 
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(b)  the  timing  of  stimulus  presentations  was  carefully  explained  to  all 
subjects  immediately  before  the  experimental  session;  (c)  subjects  were 
instructed  to  recall  as  many  words  from  each  list  as  possible,  and  that 
the  order  of  recall  or  the  recall  of  words  in  pairs  was  not  at  all 
important;  (d)  additional  emphasis  was  placed  on  remaining  alert  and 
watching  the  scope  display  at  all  times. 

The  methods  of  data  analysis  were  analogous  to  those  employed  in 
the  second  experiment. 

Results 

Recall 

The  probabilities  of  recall  for  IP  and  2P  words  as  a function 
of  interval  condition  are  graphically  presented  in  Figure  7.  Note 
that  1P1  denotes  those  single  words  occurring  in  the  PI  position  of 
different  stimulus  pairs,  and  that  1P2  represents  single  words  in  the 
P2  position  of  different  stimulus  pairs.  The  major  result  evident  in 
Figure  7 is  that  recall  for  2P  words  was  greater  in  the  longer  in- 
terval condition.  Recall  for  2P  words  in  the  10-sec  condition  was  no 
better  than  the  recall  for  single  words,  reminiscent  of  the  results 
from  the  second  experiment.  In  contrast,  when  20  sec  separated  repe- 
titions, there  was  some  increase  in  recall  for  repeated  words  over 
singly  presented  words.  There  was  also  a slight  tendency  toward 
greater  recall  for  both  1P1  and  1P2  words  with  the  longer  20-sec  in- 
terval. 

An  analysis  of  recall  scores  (Appendix  G,  Table  10)  revealed  a 
significant  interval  condition  x presentation  type  interaction, 
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INTERVAL  CONDITION  (seconds) 

Figure  7.  Experiment  3:  Mean  probability  of  recall  for  single  presentation  words  (1P1  and  1P2)  and 

peated  words  (2P)  as  a function  of  interval  condition. 
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_F(2 , 16)=4 . 01 , £ <.05.  A Duncan  Test  on  this  interaction  disclosed  a 
reliable  difference  in  recall  probability  between  2P  words  in  the  20-sec 
condition  and  all  other  combinations  of  the  two  factors  (£  < .05)  . 

No  other  pairwise  comparisons  were  significant. 

The  analysis  also  revealed  that  one  additional  effect  was  signi- 
ficant, a condition  order  x list  order  x interval  condition  interaction 
F(l,8)=7.86,  £ <.05.  This  interaction  is  attributable  to  a combina- 
tion of  subject  and  order  effects  and  cannot  account  for  the  dispropor- 
tionate greater  recall  for  2P  words  in  the  20-sec  interval  condition. 

Heart  Rate 

The  HR  responses  evoked  by  PI  and  P2  presentations  for  both  same 
and  different  stimulus  pairs  are  illustrated  in  Figure  8.  Responses 
also  appear  as  a function  of  the  interval  condition.  Each  curve  is 
the  average  of  108  individual  curves,  9 per  subject.  As  in  the  pre- 
vious two  experiments,  the  results  of  primary  interest  were  examined 
via  planned  comparisons.  Complete  summary  tables  for  the  HR  analyses 
are  presented  in  Appendix  H (Tables  11-13) . 

All  HR  responses  were  biphasic,  except  for  the  P2  response  (same 
pair)  in  the  10-sec  interval  condition.  The  trend  in  HR  change  across 
the  five  poststimulus  seconds  was  predominantly  a linear  acceleration 
[seconds  _F(4 , 40)  =26 . 42,  £ < .001;  linear  seconds  _F(  1 , 10=36 . 86  , £ < .001; 
cubic  seconds  _F(1,  10)  =5 . 96  , £ <.005;  see  Table  11].  The  initial 
attention-related  response  component  (prestimulus  second  vs.  first 
poststimulus  second)  showed  some  variation  across  the  eight  presenta- 
tion type  x interval  condition  combinations,  _F( 7 , 70) =2 . 29 , £ <.05. 
Planned  comparisons  revealed  only  two  reliable  effects:  a difference 
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in  the  P2  response  as  a function  of  the  interval  condition  [ F ( 1 , 10=7 . 49 , 
£ < • 05  ] and  an  overall  interval  condition  effect,  _F(1,10)=7.63,  £ <.05. 
In  general,  larger  decelerations  occurred  in  the  20-sec  condition,  but 
the  greatest  difference  between  the  two  interval  conditions  was  re- 
flected in  the  P2  response. 

The  rehearsal-related  trend  in  HR  across  the  five  poststimulus 
seconds  also  varied  somewhat  across  the  eight  presentation  type  x in- 
terval condition  combinations  [seconds  F(28, 280) =2 . 00 , £ <.01],  but 
these  differences  were  manifested  only  in  the  quadratic  [_F(  7 , 70)  = 4 . 77 , 

£ < .01]  and  cubic  [_F( 7 , 70)  =2 . 60  , £ < .05]  seconds  trends.  Several 
comparisons  involving  these  higher-order  trends  were  statistically 
significant  but  not  readily  interpretable . For  completeness,  however, 
the  following  comparisons  achieved  significance:  PI  x same-different 

pair  x quadratic  seconds  [_F(1 ,10)  =9 . 19 , £ <.05];  PI  x interval  condi- 
tion x quadratic  seconds  [_F(1 , 10)  =12 . 86  , £ < . 01  ] ; PI  x P2  x interval 
condition  x quadratic  seconds  [_F(1 , 10)  =9 . 28 , £ <.05]. 

Heart  rate  responses  to  the  four  presentation  types  were  also 
analyzed  separately  within  each  interval  condition  (Tables  12  and  13) . 

For  the  10-sec  condition,  there  were  no  reliable  comparisons  involving 
the  initial  deceleratory  response  component.  However,  there  was  a 
significant  difference  in  the  linear  seconds  trend  between  PI  and  P2 
(same  pair),  _F(1 , 10) =5 . 02 , £ <.05,  perhaps  reflecting  a difference  in 
the  amount  of  rehearsal  for  the  two  presentations.  One  additional  com- 
parison involving  a quadratic  seconds  trend  difference  between  PI  and 
P2  (different  pair)  was  also  significant  F(l, 10) =15 .94 , £ <.01. 

Comparisons  among  responses  in  the  20-sec  condition  also  re- 
vealed no  reliable  differences  in  the  deceleratory  response  component, 
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although  two  comparisons  for  the  quadratic  seconds  trend  across  the 
five  poststimulus  seconds  were  significant:  The  PI  response  differed 

between  same  and  different  stimulus  pairs  [F(l, 10)  =9 . 26 , £ <.05],  and 
there  was  also  a significant  PI  x P2  x same-different  pair  interaction 
_F(1,10)=8.17,  £ <.05.  Both  of  these  comparisons  involving  the  quadra 
tic  seconds  trend  reflect  the  tendency  for  the  deceleratory  response 
component  to  peak  later  for  the  same  pair  responses. 

There  was  no  indication  that  the  HR  responses  changed  across  the 
three  trial  block  (see  Tables  12  and  13) . In  addition,  an  analysis 
of  prestimulus  HR  levels,  presented  in  Table  11,  disclosed  no  differ- 
ences between  the  eight  presentation  type  x interval  condition  combi- 
nations or  any  other  reliable  main  effects  or  interactions. 

Despite  the  general  lack  of  statistical  reliability  for  HR  re- 
sponse differences  involving  the  initial  deceleratory  component,  the 
pattern  of  results  was  for  the  most  part  consistent  with  the  predicted 
outcome  of  the  experiment.  Two  aspects  of  the  data  presented  in 
Figure  8 are  worth  noting.  First,  P2  responses  for  repetitions  varied 
as  a function  of  the  interval  condition.  In  the  10— sec  condition, 
there  was  a conspicuous  absence  of  cardiac  deceleration,  but  with  the 
longer  interval  there  was  still  a deceleratory  response  component  for 
repetitions.  Second,  deceleratory  responses  evoked  by  PI  and  P2  when 
the  two  stimuli  were  different  were  quite  comparable  in  both  interval 
conditions . 

The  absence  of  a deceleratory  response  to  repetitions  in  the  10- 
sec  condition  is  in  accord  with  the  results  of  Experiment  2.  Since 
the  differences  in  the  HR  response  between  PI  and  the  P2  repetition 
were  not  statistically  reliable  in  either  experiment,  the  HR  responses 


67 


from  the  comparable  conditions  in  the  two  experiments  were  pooled.  The 
resulting  HR  response  curves  are  presented  in  Figure  9.  Each  curve  is 
the  average  of  216  individual  curves,  9 for  each  of  the  24  subjects. 

To  determine  if  this  increase  in  the  number  of  observations  yielded 
greater  reliability  for  the  differences  between  the  PI  and  P2  cardiac 
responses,  paired-_t  tests  on  each  second  were  performed.  The  only  sig- 
nificant difference  between  the  PI  and  P2  responses  occurred  in  the 
first  poststimulus  second  [_t  (23)=1. 98,  _g_  <.05,  one-tailed),  confirming 
that  the  lack  of  a deceleratory  cardiac  response  to  successive,  closely 
spaced  repetitions  is  a reliable  effect.  This  finding  was  not  attri- 
butable to  differences  in  prestimulus  HR  levels,  _t(23)  = .01,  p>  .25. 

Skin  Conductance 

Average  SCR  amplitudes  evoked  by  PI  and  P2  presentations  for 
both  same  and  different  stimulus  pairs  are  graphically  presented  in 
Figure  10.  Responses  also  appear  as  a function  of  the  interval  con- 
dition. 

In  the  10-sec  condition  there  was  considerable  decrement  in  the 
P2  response  when  PI  and  P2  were  the  same,  similar  to  the  findings  of 
Experiment  2.  However’,  in  the  case  where  PI  and  P2  were  different 
stimuli,  there  was  little  difference  in  the  SCR  amplitudes  for  the 
two  presentations. 

When  20-sec  separated  PI  and  P2  presentations,  there  was  still 
some  decrement  in  the  response  to  repetitions,  but  the  magnitude  of 
the  effect  was  much  smaller  than  with  the  shorter  interval.  Response 
amplitudes  for  the  different  PI  and  P2  stimulus  presentations  were 
nearly  equivalent.  In  addition,  there  was  a tendency  for  all  responses 
in  the  20-sec  condition  to  be  larger  than  those  in  the  10-sec  condition. 
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Figure  9.  Experiments  2 and  3:  Mean  heart  rate  change  in  beats  per  min  for  5 sec  following  stimulus  presen- 

tation plotted  as  differences  from  a 1 sec  prestimulus  baseline.  Curves  represent  responses  to 
the  first  (PI)  and  second  (P2)  presentations  of  repeated  words  averaged  across  the  MP  condition 
from  Experiment  2 and  the  10  sec  condition  (same  pairs)  from  Experiment  3. 
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Figure  10.  Experiment  3:  Mean  skin  conductance  change  in  micromhos  following  stimulus  presentation.  B 

represent  responses  to  the  first  (PI)  and  second  (P2)  presentations  of  a word  pair  where  PI 
P2  were  either  the  same  or  different  words.  Responses  also  appear  as  a function  of  interval 
condition  (10  sec  - 20  sec). 
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The  reliability  of  these  effects  was  determined  by  an  analysis 
of  SCR  scores  (Appendix  1,  Table  14).  The  analysis  disclosed  a sig- 
nificant main  effect  of  presentation  type,  F(3,24)=5 .03,  £ <.01.  A 
Duncan  Test  on  this  main  effect  revealed  that  the  P2  response  for  repe- 
titions was  reliably  smaller  than  the  responses  for  the  other  three 
presentation  types  (£  <.05).  Although  the  interval  condition  x 
presentation  type  interaction  failed  to  achieve  statistical  significance 
[_F(3,24)  = .99 , £>  .10),  pairwise  comparisons  among  the  eight  interval 
condition  x presentation  type  means  confirmed  the  a priori  prediction 
that  a decrement  in  the  response  to  repetitions  would  occur  only  with 
the  shorter  interval:  SCR  amplitude  for  repetitions  in  the  10-sec 

interval  condition  was  reliably  smaller  than  the  responses  for  all  of 
the  other  seven  combinations  of  the  two  factors  (£  < .05) . No  other 
comparisons  were  significant.  The  overall  tendency  for  larger  responses 
to  occur  with  the  longer  interval  was  not  significant  [F(l ,8)=1. 23, 

£.  *10],  and  there  were  no  reliable  effects  involving  the  trial  blocks 

factor. 

Discussion 


The  results  of  Experiment  3 demonstrated  that  the  LTM  for  re- 
peated words  is  at  least  partially  a function  of  the  temporal  spacing 
between  repetitions.  Cardiac  and  skin  conductance  responses  evoked 
by  repetitions  were  also  differentially  affected  by  the  two  temporal 
intervals.  In  addition,  the  stimulus  specificity  of  differential 
psychophysiological  responses  was  revealed  in  the  comparisons  between 
same  and  different  stimulus  pairs. 
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In  the  10-sec  interval  condition,  recall  for  repeated  words  was 
no  better  than  for  words  presented  only  once.  The  cardiac  response 
to  P2  repetitions  showed  a conspicuous  absence  of  a deceleratory  com- 
ponent, and  SCR  amplitude  for  repetitions  was  greatly  diminished  in 
comparison  to  responses  evoked  by  the  other  presentation  types.  This 
pattern  of  results  is  essentially  identical  to  that  found  in  the  massed 
presentation  condition  in  Experiment  2.  Thus,  deficient  processing 
of  successive,  temporally  close  repetitions  was  revealed  in  both  ex- 
periments. The  consistent  lack  of  cardiac  deceleration  indicates  that 
attentional  processes  are  involved.  However,  in  the  present  experi- 
ment the  linear  HR  acceleration  evoked  by  PI  was  reliably  greater  than 
the  acceleration  evoked  by  repetitions.  If  the  two  components  of  the 
cardiac  response  truly  reflect  attention-related  and  rehearsal-related 
processes,  then  this  latter  finding  suggests  that  closely  spaced  re- 
petitions are  not  rehearsed  to  the  same  extent  as  new  items  or  repe- 
titions which  are  more  remote.  Of  course,  the  differential  rehearsal 
of  repetitions  is  entirely  consistent  with  the  position  of  this  paper, 
and  it  seems  intuitively  reasonable  that  a stimulus  demanding  little 
attentional  capacity  would  also  be  devoted  less  processing  effort  for 
rehearsal.  An  important  aspect  of  the  observed  difference  in  HR  ac- 
celeration between  PI  and  P2  was  that  the  decreased  acceleration  did 
not  result  in  a greater  tendency  toward  deceleration.  This  provides 
additional  support  for  considering  the  two  components  of  the  cardiac 
response  as  reflecting  different  stages  in  the  processing  of  the 
stimulus  words.  While  it  is  not  entirely  clear  why  differences  in  the 
rehearsal-related  component  of  the  HR  response  were  not  apparent  in 
the  first  two  experiments,  one  possibility  may  be  that  the  more 
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structured  paired-stimulus  paradigm  used  in  the  present  experiment  per- 
mitted stubjects  to  develop  a more  definitive  rehearsal  strategy. 

When  20  sec  separated  PI  and  P2  presentations,  the  recall  for 
repetitions  showed  a reliable  improvement  over  the  recall  for  once- 
presented  items . The  magnitude  of  the  difference  in  recall  between 
repeated  words  and  single  words  was  considerably  less  than  that  which 
would  be  expected  if  the  two  presentations  of  a repetition  were  pro- 
cessed as  two  independent  stimuli.  This  is  in  contrast  to  the  distri- 
bution effect  in  recall  found  in  the  first  two  experiments,  where  the 
separation  of  PI  and  P2  by  intervening  items  resulted  in  the  recall 
for  repetitions  either  meeting  or  exceeding  the  independence  baseline. 

Cardiac  deceleration  and  SCRs  evoked  by  repetitions  in  the  20-sec 
condition  tended  to  be  only  slightly  smaller  than  responses  to  the 
other  presentation  types,  and  the  differences  were  not  significant. 

This  indicates  that  a substantial  amount  of  processing  capacity  was  al- 
located to  repetitions,  unlike  the  findings  with  the  10-sec  interval. 
The  improved  recall  for  repetitions  in  the  20-sec  condition  reflected 
the  additional  processing  devoted  to  P2.  In  addition,  there  was  an 
overall  tendency  for  both  psychophysiological  responses  to  be  larger 
in  the  20-sec  condition.  This  effect  was  reliable  only  for  the  initial 
HR  response  component,  but  the  skin  conductance  data  exhibited  the  same 
pattern.  The  longer  combination  of  interstimulus  intervals  resulted 
in  a greater  temporal  isolation  of  stimulus  presentations,  and  this 
may  have  been  responsible  for  the  overall  interval  effect.  Similar 
findings  with  respect  to  interstimulus  interval  length  and  human  auto- 
nomic responses  have  been  reported  elsewhere  (see  Graham,  1973) . It 
is  interesting  that  recall  for  both  2P  and  IP  words  was  greater  in 
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the  20-sec  condition,  but  in  the  case  of  IP  words  the  interval  effect 
was  quite  small  and  not  statistically  significant. 

Cardiac  and  skin  conductance  responses  evoked  by  PI  and  P2  for 
the  different  stimulus  pairs  were  quite  comparable  and  were  not  dif- 
ferentially affected  by  the  interval  condition.  These  findings  are 
hardly  surprising  but  nevertheless  confirm  the  stimulus  specificity  of 
psychophysiological  responses  to  repetitions.  Within  the  limited 
range  of  P1-P2  intervals  used  in  the  present  experiment,  the  results 
were  clearly  in  accord  with  the  finding  of  Whitlow  (1975) . The  LTM 
for  PI  and  P2  (different  pair)  presentations  was  nearly  identical,  con- 
sistent with  the  equivocal  allocations  of  processing  capacity  as  in- 
dexed by  the  two  psychophysiological  measures. 

The  three  experiments  reported  in  this  paper  did  not  allow  for 
the  differentiation  of  displacement  or  interference  effects  and  temporal 
effects.  It  should  be  remembered,  however,  that  Experiment  3 was  de- 
signed primarily  to  ascertain  whether  the  temporal  spacing  between  re- 
petitions plays  any  role  in  determining  the  effectiveness  of  repeated 
stimulation.  Given  this  rationale,  it  may  be  concluded  that  time  is 
one  important  parameter  affecting  the  differential  processing  of  repe- 
titions and  that  the  LTM  for  repeated  events  is  a function  of  such  pro- 
cessing variations. 

The  proposal  by  Hintzman  (1974,  1976)  suggesting  that  the  spacing 
effect  for  LTM  asymptotes  at  15  or  20  sec  and  is  primarily  a function 
of  the  time  between  repetitions  is  not  consistent  with  the  findings  of 
the  present  research.  In  Experiment  3,  recall  for  repeated  words  im- 
proved with  the  increase  in  temporal  spacing  from  10  to  20  sec.  How- 
ever, in  the  second  experiment  the  difference  in  the  recall  for  repeated 
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words  between  the  MP  (10-sec  temporal  spacing)  and  DP  (four  intervening 
items  and  a 50-sec  temporal  spacing)  conditions  was  much  greater. 

Either  the  effectiveness  of  temporal  spacing  continues  beyond  a 20-sec 
interval  or  intervening  stimulus  items  are  also  effective  determinants 
of  the  differential  processing  and  LTM  for  repetitions,  at  least  for 
easily-rehearsed  verbal  materials.  Previous  research  with  both  humans 
(e.g.,  Madigan,  1969;  Melton,  1967,  1970;  Underwood,  1969,  1970)  and 
animals  (Whitlow,  1975)  suggests  that  displacement  or  interference  ef- 
fects are  important. 

Clearly,  much  parametric  research  must  be  done  before  the  rela- 
tive contributions  of  these  two  determinants  of  the  efficacy  of  repe- 
tition can  be  precisely  described.  Parallel  investigations  using  both 
verbal  stimuli  and  complex  visual  or  auditory  stimuli  would  be  most 
informative.  The  strategy  of  combining  psychophysiological  indices 
of  information  processing  and  more  traditional  cognitive  measures 
could  be  further  exploited.  In  addition,  the  use  of  more  central, 
fas tracking  response  measures  such  as  the  P300  component  of  the  vertex 
evoked  potential  would  allow  the  investigation  of  a much  broader  range 


of  spacing  intervals. 


CONCLUSIONS  AND  IMPLICATIONS 


This  dissertation  has  reported  the  results  of  research  based  upon 
a relatively  new  approach  in  the  study  of  human  memory:  the  synthesis 

of  methods  and  theory  from  the  fields  of  psychophysiology  and  informa- 
tion processing.  Cardiac  and  electrodermal  responses  proved  to  be  re- 
liable, unobtrusive  indicators  of  attention  and  effort.  By  combining 
these  psychophysiological  measures  with  a traditional  free-recall  test 
of  LTM,  a number  of  important  findings  concerning  the  effects  of  repe- 
tition, distribution,  and  temporal  spacing  on  memory  were  discovered. 
First,  the  locus  of  effects  was  identified  with  the  differential  pro- 
cessing of  repetitions.  Second,  the  amount  of  attentional  capacity  and 
processing  effort  devoted  to  the  second  presentation  of  a repeated 
stimulus  was  found  to  depend  upon  the  number  of  intervening  stimuli  or 
the  temporal  spacing  between  presentations.  Third,  the  variable  pro- 
cessing requirements  for  repetitions  also  influenced  the  allocation  of 
processing  capacity  to  stimuli  immediately  following  repetitions,  with 
concordant  effects  on  memory.  In  addition,  the  stimulus  specificity  of 
observed  variations  in  psychophysiological  responses  to  repeated  stimuli 
was  confirmed. 

These  findings  appear  to  be  most  consistent  with  an  attentional 
explanation  of  repetition  effects.  In  particular,  two-process  theories 
of  memory,  centering  around  a limited-capacity  STM,  seem  most  applicable 
to  the  present  data  (e.g.,  Atkinson  & Shiffrin,  1968;  Glanzer,  1969, 
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1972;  Glanzer  & Cunitz,  1966).  The  amount  of  attention  and  processing 
effort  devoted  to  a repeated  stimulus  would  thus  be  determined  by  the 
degree  to  which  it  is  already  represented  in  STM  upon  the  occasion  of 
its  second  presentation.  If  it  is  well  represented,  it  will  be  al- 
located little  or  no  attentional  capacity,  and  processing  effort  will 
be  devoted  to  other  information.  However,  if  the  first  presentation 
is  no  longer  well  represented  in  STM,  via  either  temporal  decay  or  dis- 
placement by  subsequent  stimulation,  then  the  repetition  will  be  at- 
tended to  and  processed  much  like  a new  stimulus.  One  additional  as- 
sumption, that  the  LTM  for  a stimulus  is  a function  of  the  total  amount 
of  attentional  capacity  and  processing  effort  allocated  to  that  stimulus, 
completes  the  explanation. 

Wagner  (1976)  has  developed  a comprehensive  theory  of  habituation 
and  animal  memory  which  is  of  the  same  flavor  as  the  two-process  human 
memory  models.  Short-  and  long-term  response  decrements  are  viewed  as 
reflecting  the  altered  processing  of  repeated  stimuli,  and  these  altera- 
tions are  attributed  to  a prior  representaiton  of  the  stimulus.  The 
theory  assumes  that  a limited-capacity  STM  is  responsible  for  short- 
term response  decrements,  while  the  long-term  decrements  are  ascribed 
to  the  cue- initiated  retrieval  of  a consolidated  long-term  trace  whose 
strength  depends  upon  the  amount  of  processing  a stimulus  receives 
while  it  is  resident  in  STM.  The  findings  of  Whitlow  (1975)  and  Davis 
(1970)  are  encompassed  by  the  theory,  and  the  psychophysiological  re- 
sponse decrements  found  in  the  present  experiments  might  be  similarly 
interpreted. 

Habituation  has  generally  been  considered  an  involuntary  decrease 
in  responsiveness  to  repetitive  presentations  of  stimuli  which  are 
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devoid  of  signal  characteristics.  The  stimuli  used  in  the  present  ex- 
periments certainly  do  not  fit  this  description,  and  there  is  no  evidence 
to  argue  that  the  observed  response  decrements  were  either  voluntary  or 
involuntary  in  nature.  However,  Hintzman  (1974)  has  proposed  that  the  ef- 
fects of  the  spacing  of  repetitions  on  memory  may  be  caused  by  a habitua- 
tion-recovery process.  Attempts  at  eliminating  or  attenuating  spacing 
and  distribution  effects  by  manipulations  of  voluntary  attention  have 
generally  not  been  successful  (D'Agostino  & DeRemer,  1973;  Elmes,  et  al . , 
1973;  Hintzman  et  al. , 1975) , and  these  effects  persist  even  in  incidental 
learning  situations  (Shaughnessy , 1975).  While  there  is  little  evidence 
that  the  spacing  effect  is  related  to  voluntary  processes,  Hintzman, 
Summers,  and  Block  (1975)  were  unable  to  firmly  establish  the  validity 
of  the  habituation- recovery  hypothesis.  It  should  be  noted  that  the  ra- 
tionale behind  their  experiments  was  that  increasing  the  duration  of  PI 
or  preceeding  PI  with  a series  of  massed  presentations  of  the  same  stimu- 
lus would  produce  varying  degrees  of  habituation  and  affect  the  time 
course  of  recovery,  which  was  the  presumed  process  underlying  the  spacing 
effect.  However,  to  this  writer's  knowledge,  there  are  no  data  from  the 
habituation  literature  to  suggest  that  either  of  these  manipulations 
would  have  the  proposed  effects  on  the  time  course  of  recovery  from 
habituation.  Thus,  the  question  as  to  whether  voluntary  or  involuntary 
processes  are  responsible  for  spacing  and  distribution  effects  and  re- 
lated psychophysiological  response  decrements  awaits  future  research. 

The  exciting  possibility  is  that  the  continuity  of  findings  from  the 
diverse  research  areas  of  habituation,  animal  memory,  and  human  in- 
formation processing  suggest  that  at  some  level  a common  memory  mechanism 


is  involved. 
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The  present  research  also  has  important  implications  for  the  study 
of  human  memory  development.  Wilson  (1976)  found  a developmental  trend 
in  the  lag  effect  for  free  recall  with  children  of  different  school 
grades.  Children  from  the  fourth  grade  showed  only  a distribution  ef- 
fect in  that  recall  for  repeated  stimuli  improved  between  a lag  of  0 and 
^ -J-^g  of  2 with  no  further  improvements  up  to  a lag  of  8.  In  contrast, 
eighth  grade  school  children  showed  a continuous  increase  in  recall  as 
lag  increased,  and  the  lag  function  for  these  subjects  roughly  paralleled 
that  for  a control  group  of  college  age  subjects.  Wilson  (1976)  inter- 
preted his  results  as  indicating  that  the  younger  children  possess  a 
small  capacity  STM,  an  explanation  consistent  with  the  position  of  this 
paper.  It  would  be  most  informative  to  determine  if  concordant  changes 
in  psychophysiological  response  measures  accompany  such  developmental 
trends  in  memory  processes. 

More  critical  for  the  study  of  memory  development  is  the  fact  that 
psychophysiological  measures  have  become  a primary  tool  for  investigat- 
ing attentional  processes  and  habituation  at  the  pre-verbal  levels. 

Phasic  decelerative  cardiac  resonses,  indicative  of  orienting  and  atten- 
tion, generally  appear  at  about  6 weeks  and  increase  up  to  4 to  6 months 
of  age  (Graham  & Jackson,  1970).  Habituation  also  occurs  quite  readily 
at  these  ages.  In  addition,  Adkinson  and  Berg  (1976)  and  Clifton  and 
Nelson  (1976)  have  indicated  that  cardiac  orienting  and  habituation  oc- 
cur even  in  the  newborn  under  appropriate  conditions.  Thus,  it  ap- 
pears that  at  least  a rudimentary  information  storage  and  retrieval  system 
is  operational  even  at  birth.  While  such  findings  are  quite  provocative, 
very  little  research  directly  relevant  to  memory  processes  in  the  in- 
fancy period  has  been  carried  out.  A major  reason  for  this  is  that 
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most  memory  research  with  adults  and  older  children  has  depended  heavily 
on  paradigms  which  make  use  of  the  verbal  and  linguistic  capabilities 
of  the  subjects  and  are  thus  of  very  little  use  in  studying  memory  in 
infants.  Paradigms  employing  psychophysiological  responses  were  basically 
developed  to  study  attention,  discrimination,  and  habituation  and  are 
not  very  well  suited  to  the  systematic  investigation  of  memory.  The 
previous  lack  of  continuity  between  theories  of  habituation  and  informa- 
tion-processing accounts  of  human  memory  has  also  impeded  the  progress 
of  studies  on  infant  memory. 

The  present  research  has  established  the  value  of  psychophysiologi- 
cal measures  for  investigating  memory  processes,  and  the  paradigms  used 
could  be  easily  adapted  to  study  the  effects  of  repetition  and  distri- 
bution on  memory  in  infants.  A psychophysiology  of  memory  will  ulti- 
mately permit  the  "tracking"  of  memory  development  from  birth  up  through 
stages  dominated  by  advanced  cognitive  processes. 
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APPENDIX  A 


Experimental  Word  Lists 
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APPENDIX  B 


Summary  Table  of  the  Analyses  of  Variance 
in  the  Probability  of  Recall  for  Experiment  1 

(Table  1) 


Analyses  of  the  Variance  in  the  Probability  of  Recall  for  Experiment 
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APPRENDIX  C 


Summary  Tables  of  the  Analyses  of  Variance 
in  Heart  Rate  Change  for  Experiment  1 
(Tables  2-4) 


Analyses  of  the  Variance  in  Heart  Change  for  Experiment 
P1~P2  and  P1-1P'  as  a Function  of  Lag 
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Table  3 

Analysis  of  the  Variance  in  Heart  Rate  Change  for  Experiment  1 

IP'  as  a Function  of  Lag 


Source 

Between  Subjects  (Ss) 

List  Number  (LN) 

LN  x Ss  w/in  Groups  (Grps) 
Within  Ss 
Lag 

LN  x Lag 

LN  x Lag  x Ss  w/in  Grps 
Trial  Blocks  (TB) 

LN  x TB 

LN  x TB  x Ss  w/in  Grps 
Seconds  (Sec) 

Linear 
Quadratic 
Cubic 
LN  x Sec 
Linear 
Quadratic 
Cubic 

LN  x Sec  s Ss  w/ in  Grps 
Linear 
Quadratic 


df 

MS 

F 

11 

1 

76.2 

.05 

10 

1638.9 

420 

2 

107.9 

5.24* 

2 

5.9 

.29 

20 

20.6 

1 

788.5 

4.58 

1 

487.8 

2.83 

10 

172.2 

5 

117.3 

11.61*** 

1 

493.3 

45.74*** 

1 

12.7 

.51 

1 

76.8 

9.86* 

5 

4.1 

.41 

1 

.3 

.03 

1 

13.2 

.54 

1 

6.0 

.77 

50 

10.1 

10 

10.8 

10 

24.7 

10 

7.8 

Cubic 
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Table  3 

Source 

Lag  x TB 

LN  x Lag  x TB 

LN  x Lag  x TB  x Ss  w/in  Grps 

Lag  x Sec 
Linear 
Quadratic 
Cubic 

LN  x Lag  x Sec 
Linear 
Quadratic 
Cubic 

LN  x Lag  x Sec  x Ss  w/in  Grps 
Linear 
Quadratic 
Cubic 

TB  x Sec 
Linear 
Quadratic 
Cubic 

LN  x TB  x Sec 
Linear 
Quadratic 
Cubic 

LN  x TB  x Sec  x Ss  w/in  Grps 


continued 


MS 

F 

58.4 

1.69 

59.8 

1.74 

34.5 

12.7 

1.39 

21.8 

.90 

24.9 

2.09 

12.7 

2.90 

8.0 

.88 

24.3 

1.00 

6.4 

.54 

1.3 

.29 

9.1 

24.3 

11.9 

4.4 

3.6 

.52 

0.0 

.00 

6.0 

.84 

5.1 

2.28 

.6 

.08 

.4 

.02 

1.0 

.14 

1.0 

.44 

7.0 

- ( 

df 

2 

2 

20 

10 

2 

2 

2 

10 

2 

2 

2 

100 

20 

20 

20 

5 

1 

1 

1 

5 

1 

1 

1 

50 


Linear 


10 


21.2 
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Table  3 - continued 


Source 

df 

MS 

F 

Quadratic 

10 

7.1 

Cubic 

10 

2.2 

Lag  x TB  x Sec 

10 

11.4 

1.37 

Linear 

2 

17.8 

1.04 

Quadratic 

2 

13.3 

1.01 

Cubic 

2 

18.6 

3.81* 

LN  x Lag  x TB  x 

Sec 

10 

4.5 

.55 

Linear 

2 

9.4 

.55 

Quadratic 

2 

.8 

.06 

Cubic 

2 

6.6 

1.36 

LN  x Lag  x TB  x 
Grps 

Sec  x Ss  w/ in 

100 

8.3 

Linear 

20 

17.1 

Quadratic 

20 

13.3 

Cubic 

20 

4.9 

Total 

431 

57.1 

*£  < . 05 
**£  < .01 
***£  < .001 


Analyses  of  the  Variance  in  Heart  Rate  Change  for  Experiment 
Comparisons  of  Trial  Blocks  for  PI,  P2 , and  IP' 
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APPENDIX  D 


Summary  Table  of  the  Analysis  of  Variance 
in  the  Probability  of  Recall  for  Experiment  2 

(Table  5) 


Table  5 


Analysis  of  the  Variance  in  the  Probability 
of  Recall  for  Experiment  2 


Source 

Between  Subjects  (Ss) 

Condition  Order  (CO) 

List  Order  (LO) 

CO  x LO 

Ss  w/ in  Groups  (Grps) 

Within  Ss 

Distribution  Condition  (DCON) 

CO  x DCON 

LO  x DCON 

CO  x LO  x DCON 

DCON  x Ss  w/in  Grps 

Presentation  Type  (PT) 

CO  x PT 

LO  x PT 

CO  x LO  x PT 

PT  x Ss  w/in  Grps 

DCON  x PT 

CO  x DCON  x PT 

LO  x DCON  x PT 

CO  x LO  x DCON  x PT 

DCON  x TP  x Ss  w/in  Grps 


df 

MS 

F 

11 

1 

83.9 

.08 

1 

139.0 

.14 

1 

495.6 

.48 

8 

1022.2 

60 

1 

42.7 

.08 

1 

138.8 

.26 

1 

1443.3 

2.75 

1 

496.4 

.94 

8 

525.4 

2 

714.8 

3.69* 

2 

73.7 

.38 

2 

128.6 

.66 

2 

290.3 

2.82 

16 

193.9 

2 

1328.8 

12.90*** 

2 

36.0 

.35 

2 

290.3 

2.82 

2 

691.5 

6.71** 

16 

102.9 

102 


103 


Table  5 - continued 

Source 

df 

MS 

Total 

71 

379.1 

* £ < -05 
**  £ < .01 
***  £ < .001 


APPENDIX  E 


Summary  Tables  of  the  Analyses  of  Variance 
in  Heart  Rate  Change  for  Experiment  2 
(Tables  6-8) 
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Table  7 

Analyses  of  the  Variance  in  Heart  Rate  Change  for  Experiment  2: 
Prestimulus  Sec  - First  Poststimulus  Sec,  and  All  Poststimulus  Sec 
as  a Function  of  Presentation  Type  and  Trial  Blocks 
for  MP  Distribution  Condition 

Pre  Sec  - 


First  Post 

Sec 

All  Post 

Sec 

Source 

df 

MS 

F 

df 

MS 

F 

Between  Subjects  (Ss) 

11 

11 

Condition  Order  (CO) 

1 

7905.8 

5.38* 

1 

17537.6 

4.78 

Ss  w/in  Groups  (Grps) 

10 

1469.2 

10 

3668.9 

Within  Ss 

276 

708 

Presentation  Type  (PT) 

3 

8.3 

.86 

3 

24.1 

1.74 

CO  x PT 

3 

22.3 

2.32 

3 

41.0 

2.96* 

CO  x PT  x Ss  w/in  Grps 

30 

9.6 

30 

13.8 

Trial  Blocks  (TB) 

2 

22.9 

1.23 

2 

29.9 

.73 

CO  x TB 

2 

9.3 

.50 

2 

37.6 

.92 

CO  x TB  x Ss  w/in  Grps 

20 

18.6 

20 

41.0 

Seconds  (Sec) 

1 

3.6 

1.08 

4 

124.9 

8.12**: 

Linear 

1 

455.6 

10.88** 

Quadratic 

1 

36.7 

2.33 

Cubic 

1 

5.7 

1.87 

CO  x Sec 

1 

.6 

.17 

4 

18.9 

1.23 

Linear 

1 

71.5 

1.71 

Quadratic 

1 

1.8 

.11 

Cubic 

1 

1.8 

.60 

CO  x Sec  x Ss  w/in  Grps 

10 

3.3 

40 

15.4 

Linear  10  41.9 


10  15.8 


Quadratic 


109 


Table  7 - continued 
Pre  Sec  - 


First 

Post 

Sec 

All  Post 

Sec 

Source 

df 

MS 

F 

df 

MS 

F 

Cubic 

10 

3.1 

PT  x TB 

6 

6.2 

.80 

6 

14.6 

.86 

CO  x PT  x TB 

6 

13.7 

1.77 

6 

15.9 

.94 

CO  x PT  x TB  x Ss  w/in  Grps 

60 

7.7 

60 

16.9 

PT  x Sec 

3 

5.4 

2.98* 

12 

2.3 

.69 

Linear 

3 

6.2 

.77 

Quadratic 

3 

1.9 

.63 

Cubic 

3 

.2 

.10 

CO  x PT  x Sec 

3 

9.3 

5.14** 

12 

2.5 

.75 

Linear 

3 

5.4 

.67 

Quadratic 

3 

1.7 

.54 

Cubic 

3 

2.7 

1.43 

CO  x PT  x Sec  x Ss  w/in 
Grps 

30 

1.8 

120 

3.3 

Linear 

30 

8.0 

Quadratic 

30 

3.1 

Cubic 

30 

1.9 

TB  x Sec 

2 

.4 

.20 

8 

4.3 

1.50 

Linear 

2 

14.3 

2.05 

Quadratic 

2 

1.2 

.41 

Cubic 

2 

1.0 

.86 

CO  x TB  x Sec 

2 

1.2 

.63 

8 

6.5 

2.26 

Linear 

2 

23.2 

3.33 

Quadratic 

2 

.8 

.26 

110 


Table  7 - continued 
Pre  Sec  - 


First  Post  Sec 

All  Post 

Sec 

Source 

df  MS  . F 

df 

MS 

F 

Cubic 

2 

1.7 

1.54 

CO  x TB  x Sec  x Ss  w/in 
Grps 

20  1.9 

80 

2.9 

Linear 

20 

7.0 

Quadratic 

20 

3.0 

Cubic 

20 

1.1 

PT  x TB  x Sec 

6 1.5  .71 

24 

5.5 

1.62 

Linear 

6 

13.9 

1.89 

Quadratic 

6 

4.1 

1.25 

Cubic 

6 

3.5 

1.43 

CO  x PT  x TB  x Sec 

6 1.6  .77 

24 

2.9 

.84 

Linear 

6 

2.6 

.36 

Quadratic 

6 

6.1 

1.87 

Cubic 

6 

2.1 

.86 

CO  x PT  x TB  x Sec  x Ss 
w/ in  Grps 

60  2.1 

240 

3.4 

Linear 

60 

7.4 

Quadratic 

60 

3.3 

Cubic 

60 

2.4 

Total 

287  84.8 

719 

83.4 

* £ < .05 
**  £ < -01 
***  £ < .001 


Ill 


Table  8 

Analyses  of  the  Variance  in  Heart  Rate  Change  for  Experiment  2: 
Prestimulus  Sec  - First  Poststimulus  Sec,  and  All  Poststimulus  Sec 
as  a Function  of  Presentation  Type  and  Trial  Blocks 
for  DP  Distribution  Condition 


Pre  Sec  - 
First  Post  Sec 

All  Post  Sec 

df  MS  F 

df  MS  F 

Between  Subjects  (Ss) 

11 

11 

Condition  Order  (CO) 

1 

1879.9 

1.10 

1 

4813.8 

1.30 

Ss  w/in  Groups  (Grps) 

10 

1706.6 

10 

3700.0 

Within  Ss 

276 

708 

Presentation  Type  (PT) 

3 

8.4 

.47 

3 

35.1 

1.06 

CO  x PT 

3 

14.0 

.78 

3 

59.4 

1.80 

CO  x PT  x Ss  w/in  Grps 

30 

18.0 

30 

33.1 

Trial  Blocks  (TB) 

2 

84.6 

1.28 

2 

147.9 

1.26 

CO  x TB 

2 

103.6 

1.56 

2 

161.4 

1.37 

CO  x TB  x Ss  w/in  Grps 

20 

66.2 

20 

117.8 

Seconds  (Sec) 

1 

5.5 

1.89 

4 

154.5 

12.33*** 

Linear 

1 

519.1 

17.23*** 

Quadratic 

1 

85.9 

6.83* 

Cubic 

1 

4.4 

.79 

CO  x Sec 

1 

8.2 

2.82 

4 

4.5 

.36 

Linear 

1 

.8 

.03 

Quadratic 

1 

11.2 

.89 

Cubic 

1 

2.3 

.41 

CO  x Sec  x Ss  wi/in  Grps 

10 

2.9 

40 

12.5 

Linear 

10 

30.1 

Quadratic 

10 

12.6 

112 


Table  8 - continued 


Pre  Sec  - 
First  Post  Sec 

All  Post 

Sec 

Source 

df 

MS  F 

df 

MS 

F 

Cubic 

10 

5.6 

PT  x TB 

6 

13.3  .63 

6 

23.3 

.96 

CO  x PT  x TB 

6 

5.3  .25 

6 

14.9 

.61 

CO  x PT  x TB  x Ss  w/ in  Grps 

60 

21.0 

60 

24.3 

PT  x Sec 

3 

4.4  2.04 

12 

3.7 

1.14 

Linear 

3 

7.6 

1.06 

Quadratic 

3 

.8 

.29 

Cubic 

3 

5.3 

2.75 

CO  x PT  x Sec 

3 

.6  .27 

12 

1.4 

.42 

Linear 

3 

2.6 

.37 

Quadratic 

3 

.8 

.26 

Cubic 

3 

1.2 

.64 

CO  x PT  x Sec  x Ss  w/in 
Grps 

30 

2.1 

120 

3.3 

Linear 

30 

7.2 

Quadratic 

30 

2.9 

Cubic 

30 

1.9 

TB  x Sec 

2 

3.3  1.53 

8 

4.8 

1.10 

Linear 

2 

2.7 

.28 

Quadratic 

2 

11.6 

3.04 

Cubic 

2 

4.7 

1.39 

CO  x TB  x Sec 

2 

1.8  .84 

8 

6.4 

1.46 

Linear 

2 

13.6 

1.38 

Quadratic 

2 

.3 

.08 

113 


Table  8 - continued 

Pre  Sec  - 


First  Post  Sec 

All  Post 

Sec 

Source 

df 

MS  F 

d_f 

MS 

F 

Cubic 

2 

11.5 

3.44 

CO  x TB  x Sec 
Grps 

x Ss 

w/ in 

20 

2.2 

80 

4.4 

Linear 

20 

9.8 

Quadratic 

20 

3.8 

Cubic 

20 

3.4 

PT  x TB  x Sec 

6 

3.0  1.51 

24 

3.3 

.61 

Linear 

6 

6.6 

.48 

Quadratic 

6 

2.3 

.87 

Cubic 

6 

3.4 

.75 

CO  x PT  x TB  x 

Sec 

6 

2.4  1.22 

24 

2.3 

.42 

Linear 

6 

2.9 

.21 

Quadratic 

6 

2.0 

.76 

Cubic 

6 

3.1 

.69 

CO  x PT  x TB  x 
w/in  Grps 

Sec 

x Ss 

60 

2.0 

240 

5.3 

Linear 

60 

13.6 

Quadratic 

60 

2.6 

Cubic 

60 

4.5 

Total 

287 

80.0 

719 

71.2 

* £ < .05 
**  £ < .01 
***  £ < .001 


APPENDIX  F 


Summary  Table  of  the  Analysis  of  Variance 
in  Skin  Conductance  Change  for  Experiment  2 
(Table  9) 


Table  9 


Analysis  of  the  Variance  in  Skin 
Conductance  Change  for  Experiment  2 


Source 

df 

MS 

F 

Between  Subjects  (Ss) 

11 

Condition  Order  (CO) 

1 

.01546 

.04 

List  Order  (LO) 

1 

.61697 

1.57 

CO  x LO 

1 

.45840 

1.16 

Ss  w/in  Groups  (Grps) 

8 

.39415 

Within  Ss 

276 

Distribution  Condition  (DCON) 

1 

.01789 

.28 

CO  x DCON 

1 

.48757 

7.75* 

LO  x DCON 

1 

.05527 

.88 

CO  x LO  x DCON 

1 

.01430 

.23 

DCON  x Ss  w/in  Grps 

8 

.06292 

Presentation  Type  (PT) 

3 

.00409 

2.53 

CO  x PT 

3 

.00153 

.95 

LO  x PT 

3 

.00691 

4.28* 

CO  x LO  x PT 

3 

.00303 

1.88 

PT  x Ss  w/in  Grps 

24 

.00162 

Trial  Blocks  (TB) 

2 

.05225 

3.39 

CO  x TB 

2 

.00832 

.54 

LO  x TB 

2 

.02472 

1.60 

CO  x LO  x TB 

2 

.00227 

.15 

TB  x Ss  w/ in  Grps 

16 

.01541 

DCON  x PT 

3 

.05006 

5.86** 

115 


116 


Table  9 - continued 


Source 

df 

MS 

F 

o 

o 

DCON 

x PT 

3 

.00826 

.97 

LO  x 

DCON 

x PT 

3 

.01355 

1.58 

CO  x 

LO  x 

DCON  x PT 

3 

.02241 

2.62 

DCON 

x PT 

x Ss  w/in  Grps 

24 

.00855 

DCON 

x TB 

2 

.00317 

.25 

CO  x 

DCON 

x TB 

2 

.01762 

1.41 

LO  x 

DCON 

x TB 

2 

.00719 

.57 

CO  x 

LO  x 

DCON  x TB 

2 

.02589 

2.07 

DCON 

x TB 

x Ss  w/in  Grps 

16 

.01253 

PT  x 

TB 

6 

.00520 

.77 

CO  x 

PT  x 

TB 

6 

.01346 

2.00 

LO  x 

PT  x 

TB 

6 

.00501 

.74 

CO  x 

LO  x 

PT  x TB 

6 

.00784 

1.16 

PT  x 

TB  X 

Ss  w/in  Grps 

48 

.00673 

DCON 

x PT 

x TB 

6 

.00457 

.80 

CO  x 

DCON 

x PT  x TB 

6 

.00561 

.98 

LO  x 

DCON 

x PT  x TB 

6 

.00341 

.60 

CO  x 

LO  x 

DCON  x PT  x TB 

6 

.00273 

.48 

DCON 

x PT 

x TB  x Ss  w/in  Grps 

48 

.00572 

Dtal 

287 

.02617 

* £ < .05 
**  £ < .01 
***  £ < .001 


APPENDIX  G 


Summary  Table  of  the  Analysis  of  Variance 
in  the  Probability  of  Recall  for  Experiment  3 
(Table  10) 


Table  10 


Analysis  of  the  Variance  in  the  Probability 
of  Recall  for  Experiment  3 


Source 

df 

MS 

F 

Between  Subjects  (Ss) 

11 

Condition  Order  (CO) 

1 

1238.3 

.79 

List  Order  (LO) 

1 

316.7 

.20 

CO  x LO 

1 

1691.7 

1.06 

Ss  w/in  Grps 

8 

1590.3 

Within  Ss 

60 

Interval  Condition  (ICON) 

1 

754.0 

4.14 

CO  x ICON 

1 

604.0 

3.32 

LO  x ICON 

1 

95.7 

.53 

CO  x LO  x ICON 

1 

1431.1 

7.86* 

ICON  x Ss  w/in  Grps 

8 

182.1 

Presentation  Type  (PT) 

2 

428.6 

1.73 

CO  x PT 

2 

294.8 

1.19 

LO  x PT 

2 

305.3 

1.23 

CO  x LO  x PT 

2 

349.8 

1.41 

PT  x Ss  w/in  Grps 

16 

247.4 

ICON  x PT 

2 

529.3 

4.01* 

CO  x ICON  x PT 

2 

66 . 5 

.50 

LO  x ICON  x PT 

2 

213.6 

1.62 

CO  x LO  x ICON  x PT 

2 

175.3 

1.33 

ICON  x PT  x Ss  w/in  Grps 

16 

132.1 

118 


119 


Source 

Table  10  - continued 
df 

MS 

' 

Total 

71 

438.4 

* £ < .05 
**  £ < .01 
***  £ < -001 

APPENDIX  H 


Summary  Tables  of  the  Analyses  of  Variance 
in  Heart  Rate  Change  for  Experiment  3 
(Tables  11-13) 


Analyses  of  the  Variance  in  Heart  Rate  Change  for  Experiment  3: 
Prestimulus  Sec,  Prestimulus  Sec  - First  Poststimulus  Sec,  and  All  Poststimulus  Sec 
as  a Function  of  Presentation  Type  and  Interval  Condition 
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Table  11  - continued 
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Table  11  - continued 
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Table  12 

Analyses  of  the  Variance  in  Heart  Rate  Change  for  Experiment  3: 
Prestimulus  Sec  - First  Poststimulus  Sec,  and  All  Poststimulus  Sec 
as  a Function  of  Presentation  Type  and  Trial  Blocks 
for  10  Sec  Interval  Condition 


Pre  Sec 
First  Post 

Sec 

All  Post 

Sec 

Source 

df 

MS 

F 

df 

MS 

F 

Between  Subjects  (Ss) 

11 

11 

Condition  Order  (CO) 

1 

3652.5 

1.77 

1 

8153.3 

1.61 

Ss  w/in  Groups  (Grps) 

10 

2062.0 

10 

5078.3 

Within  Ss 

276 

708 

Presentation  Type  (PT) 

3 

58.8 

5.35** 

3 

25.9 

2.31 

CO  x PT 

3 

35.1 

3.19* 

3 

8.5 

.76 

CO  x PT  x Ss  w/in  Grps 

30 

11.0 

30 

11.2 

Trial  Blocks  (TB) 

2 

3.7 

.22 

2 

4.4 

.18 

CO  x TB 

9 

4.6 

.28 

2 

22.2 

.93 

CO  x TB  x Ss  w/in  Grps 

20 

16.4 

20 

23.9 

Seconds  (Sec) 

1 

4.6 

.95 

4 

130.2 

21.55*** 

Linear 

1 

491.1 

29.05*** 

Quadratic 

1 

22.2 

3.97 

Cubic 

1 

5.8 

6.00* 

CO  x Sec 

1 

1.7 

.34 

4 

4.6 

.77 

Linear 

1 

11.8 

.70 

Quadratic 

1 

4.6 

.82 

Cubic 

1 

.8 

.82 

CO  x Sec  x Ss  w/in  Grps 

10 

4.9 

40 

6.0 

Linear 

10 

16.9 

Quadratic 

10 

5.6 

125 


Table  12  - continued 
Pre  Sec  - 


First 

Post 

Sec 

All 

Post 

Sec 

Source 

df 

MS 

_F 

df 

MS 

F 

Cubic 

10 

1.0 

PT  x TB 

6 

15.7 

1.33 

6 

21.9 

1.33 

CO  x PT  x TB 

6 

13.2 

1.12 

6 

12.1 

.74 

CO  x PT  x TB  x Ss  w/ in  Grps 

60 

11.3 

60 

16.4 

PT  x Sec 

3 

1.8 

1.70 

12 

12.4 

3.58*** 

Linear 

3 

24.6 

2.85 

Quadratic 

3 

21.9 

6.74** 

Cubic 

3 

1.5 

1.42 

CO  x PT  x Sec 

3 

2.7 

2.60 

12 

7.0 

2.01 

Linear 

3 

23.3 

2.70 

Quadratic 

3 

2.8 

.85 

Cubic 

3 

.7 

.62 

CO  x PT  x Sec  x Ss  w/ in 

30 

1.1 

120 

3.5 

Grps 

Linear 

30 

8.6 

Quadratic 

30 

3.2 

Cubic 

30 

1.1 

TB  x Sec 

2 

4.0 

2.20 

8 

1.0 

.30 

Linear 

2 

3.0 

.45 

Quadratic 

2 

.1 

.03 

Cubic 

2 

.5 

.38 

CO  x TB  x Sec 

2 

.2 

.09 

8 

1.8 

.57 

Linear 


2 

2 


1.4 

5.3 


.22 

1.19 


Quadratic 
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Table 

12 

- continued 

Pre  Sec  - 
First  Post  Sec 

All 

Post 

Sec 

Source 

df 

MS  F 

df 

MS 

F 

Cubic 

2 

.5 

.40 

CO  x TB  x Sec  x Ss 
Grps 

w/in 

20 

1.8  .71 

80 

3.2 

Linear 

20 

6.7 

Quadratic 

20 

4.5 

Cubic 

20 

1.2 

PT  x TB  x Sec 

6 

3.8  1.45 

24 

4.0 

1.04 

Linear 

6 

12.3 

1.24 

Quadratic 

6 

2.3 

.80 

Cubic 

6 

.9 

.45 

CO  x PT  x TB  x 

Sec 

6 

1.3  .50 

24 

2.9 

.74 

Linear 

6 

6.6 

.67 

Quadratic 

6 

2.2 

.76 

Cubic 

6 

1.9 

.89 

CO  x PT  x TB  x 
w/in  Grps 

Sec 

x Ss 

60 

2.6 

240 

3.9 

Linear 

60 

9.9 

Quadratic 

60 

2.9 

Cubic 

60 

2.1 

Total 

287 

92.1 

719 

88.9 

* £ < .05 
**  £ .01 
***  £ < .001 
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Table  13 

Analyses  of  the  Variance  in  Heart  Rate  Change  for  Experiment  3: 
Prestimulus  Sec  - First  Poststimulus  Sec,  and  All  Poststimulus  Sec 
as  a Function  of  Presentation  Type  and  Trial  Blocks 
for  20  Sec  Interval  Condition 


Pre  Sec 
First  Post 

Sec 

All  Post 

Sec 

Source 

df 

MS 

JF 

df 

MS 

F 

Between  Subjects  (Ss) 

11 

11 

Condition  Order  (CO) 

1 

6895.5 

2.26 

1 

18960.4 

2.53 

Ss  w/in  Groups  (Grps) 

10 

3057.6 

10 

7502.6 

Within  Ss 

276 

708 

Presentation  Type  (PT) 

3 

28.0 

2.81 

3 

66.9 

2.27 

CO  x PT 

3 

12.7 

1.28 

3 

22.3 

.76 

CO  x PT  x Ss  w/in  Grps 

30 

10.0 

30 

29.5 

Trial  Blocks  (TB) 

2 

33.9 

1.81 

2 

87.9 

3.07 

CO  x TB 

2 

46.3 

2.47 

2 

99.2 

3.47 

CO  x TB  x Ss  w/in  Grps 

20 

18.7 

20 

28.6 

Seconds  (Sec) 

1 

44.0 

35.94*** 

4 

155.7 

16.77*** 

Linear 

1 

609.8 

23.70*** 

Quadratic 

1 

1.3 

.17 

Cubic 

1 

7.9 

3.05 

CO  x Sec 

1 

.3 

.20 

4 

6.8 

.73 

Linear 

1 

7.1 

.27 

Quadratic 

1 

11.5 

1.53 

Cubic 

1 

7.5 

2.88 

CO  x Sec  . Ss  w/in  Grps 

10 

1.2 

40 

9.3 

Linear 

10 

25.7 

Quadratic 

10 

7.5 
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Table 

13 

- continued 

Pre  Sec 
First  Post 

Sec 

All 

Post 

Sec 

Source 

df 

MS 

F 

djL 

MS 

F 

Cubic 

10 

2.6 

PT  x TB 

6 

19.0 

1.15 

6 

25.5 

1.14 

CO  x PT  x TB 

6 

6.9 

.42 

6 

25.4 

1.13 

CO  x PT  x TB  x Ss  w/in  Grps 

60 

16.4 

60 

22.4 

PT  x Sec 

3 

1.9 

1.24 

12 

6.5 

1.23 

Linear 

3 

2.7 

.20 

Quadratic 

3 

14.9 

3.44* 

Cubic 

3 

7.9 

3.69* 

CO  x PT  x Sec 

3 

2.1 

1.40 

12 

11.7 

2.23 

Linear 

3 

35.6 

2.66 

Quadratic 

3 

7.0 

1.62 

Cubic 

3 

3.9 

1.82 

CO  x PT  x Sec  x Ss  w/in 
Grps 

30 

1.5 

120 

5.3 

Linear 

30 

13.4 

Quadratic 

30 

4.3 

Cubic 

30 

2.2 

TB  x Sec 

2 

2.1 

.69 

8 

1.7 

.40 

Linear 

2 

2.7 

.30 

Quadratic 

2 

3.5 

.86 

Cubic 

2 

.4 

.16 

CO  x TB  x Sec 

2 

1.3 

.43 

8 

1.0 

.23 

Linear 

2 

1.7 

.19 

Quadratic 

2 

.1 

.03 
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Table 

13  - continued 

Pre  Sec  - 
First  Post  Sec 

All  Post 

Sec 

Source 

df  MS  F 

df 

MS 

F 

Cubic 

2 

1.9 

.75 

CO  x TB  x Sec  x Ss 
Grps 

w/ in 

20  3.0 

80 

4.1 

Linear 

20 

8.8 

Quadratic 

20 

4.1 

Cubic 

20 

2.5 

PT  x TB  x Sec 

6 1.0  .37 

24 

4.4 

.93 

Linear 

6 

11.1 

.99 

Quadratic 

6 

1.3 

.35 

Cubic 

6 

4.3 

1.51 

CO  x PT  x TB  x Sec 

6 2.4  .91 

24 

2.3 

.48 

Linear 

6 

4.8 

.43 

Quadratic 

6 

1.9 

.52 

Cubic 

6 

2.2 

.78 

CO  x PT  x TB  x Sec 
w/ in  Grps 

x Ss 

60  2.7 

240 

4.7 

Linear 

60 

11.2 

Quadratic 

60 

3.7 

Cubic 

60 

2.8 

Total 

287  139.1 

719 

140.8 

* £ < .05 
**  £ < .01 
***  £ < .001 


APPENDIX  I 


Summary  Table  of  the  Analysis  of  Variance 
in  Skin  Conductance  Change  for  Experiment  3 
(Table  14) 


Table  14 


Analysis  of  the  Variance  in  Skin 
Conductance  Change  for  Experiment  3 


Source 

df 

MS 

F 

Between  Subjects  (Ss) 

11 

Condition  Order  (CO) 

1 

.01635 

.02 

List  Order  (LO) 

1 

.00105 

.00 

CO  x LO 

1 

2.20675 

2.72 

Ss  w/in  Groups  (Grps) 

8 

.81005 

Within  Ss 

Interval  Condition  (ICON) 

1 

.11400 

1.23 

CO  x ICON 

1 

.01917 

.21 

LO  x ICON 

1 

.00015 

.00 

CO  x LO  x ICON 

1 

.14356 

1.55 

ICON  x Ss  w/in  Grps 

8 

.09248 

Presentation  Type  (PT) 

3 

.03747 

5 . 03** 

CO  x PT 

3 

.00322 

.43 

LO  x PT 

3 

.00596 

.80 

CO  x LO  x PT 

3 

.02930 

3.93* 

PT  x Ss  w/in  Grps 

24 

.00745 

Trial  Blocks  (TB) 

2 

.00540 

.29 

CO  x TB 

2 

.04931 

2.69 

LO  x TB 

2 

.04390 

2.39 

CO  x LO  x TB 

2 

.01119 

.61 

TB  x Ss  w/in  Grps 

16 

.01836 

ICON  x PT 

3 

.01324 

.99 
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- 

Table  14 

- continued 

Source 

df 

MS 

F 

CO  x ICON 

x PT 

3 

.00524 

.39 

LO  x ICON 

x PT 

3 

.00209 

.16 

CO  x LO  x 

ICON  x PT 

3 

.01051 

.79 

ICON  x PT 

x Ss  w/in  Grps 

24 

.01334 

ICON  x TB 

2 

.01639 

1.23 

CO  x ICON 

x TB 

2 

.01883 

.66 

LO  X ICON 

x TB 

2 

.01308 

.98 

CO  x LO  x 

ICON  x TB 

2 

.02232 

1.67 

PT  x TB 

6 

.00613 

.62 

CO  x PT  x 

TB 

6 

.00892 

.90 

LO  x PT  x 

TB 

6 

.00516 

.51 

CO  x LO  x 

PT  x TB 

6 

.00410 

.41 

PT  x TB  x 

Ss  w/in  Grps 

48 

.00991 

ICON  x PT 

x TB 

6 

.01051 

1.32 

CO  x ICON 

x PT  x TB 

6 

.01507 

1.90 

LO  x ICON 

x PT  x TB 

6 

.01015 

1.28 

CO  x LO  x 

ICON  x PT  x TB 

6 

.00620 

.78 

ICON  x PT 

x TB  x Ss  w/ in  Grps 

48 

.00794 

Total 

287 

.04406 

* £ < .05 
**  £ < .01 
***  £ < .001 
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